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P^tEFACK. 


At various ^imos I have Ik'cii urm’il, by Dr, E. Knwlit and (•♦her 
•friends, rflio seem to think that some of my eontrihiitions to th« 
Theory and Pr)eti(;|‘ of Itleaehiii);. and to the dlsenssion as to the 
constitution Imd jmiperties of Ith'aehin); Po»(|er, u-en' of somo 
value, to publish an neeoiint of them in book form. It uas |Hiintod 
out to that^ seattered us these I'ontributions are amoiift various 
' numbers of the journals of the Chemii’al Society and of the Society 
of Dyers and t'olourists. they are not easily acj^essilile. es|s'einlly 
to the younger generation of sliulents inti'ri'sled in bleaeliing. 

* • 

My first idea was sim|ily to write, as far as isissible lit a eonmwted 
form, an itbeount of my e.vperiments and conebisions, and pidilish 
* th^ as a short Monograph on Itleaehing and Itleaehing Powder. 
But, as this would have involved, in any easi-. many copious quota¬ 
tions from lh(! various pa]sTs, I have deeidisl that it would bo 
simplest, and I hope not le ss iisidid, to n prinl tlu' pa|s rs pnu'tieally 
as they apixvared when tin y wi re first pul>liHheil,with merely such 
alteratioiu as I eonsiilered neees.sary or desirable. 

The palters are arranged in the order in which they first up|S)are<l. 
Thay represent more than a do/.en years’ work, which e.ould only 
Jie carried on intermittently when other duties |H'rmitt<sl. All 
■ the papers except one repre.si'nt exis'rimental ^oifc done nysclf. 
In that one (Number III. in the present issue), I had the valuable 
assistance of Mr. Clifford Bostoek, who was then a Kcseasch Student 
in the Manchester College of Technology. A few years afterwards 
Bostoek was l|jlledan the war. His was onj^of the many instances 
of a promising career cut short by that calamity./ 

R.,L. T. 


ManehetUr, 1022* 
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I. 

RESEARctlES ON BLEACHING 
PART I. * 



POWDEl 


(From the Trmnmriion-t of thr Ch mirnl Suriili/, I'.tlO. Vol. 97). 

• « • 

Fob tho purpose of fids iiivi'stij!nti(iit. it was ligst of all iKaajinary 
to doriao a method for (listiiigiiishiiix lietwis'ii pure ehlorino and 
hypochloroua geiil, an l. in a mixture of the two, tin ling thoir 
proportions. 

Tho muthiKl used n*is to pass the gase.s through a known volume 
of JV/10-sodiuni arsenite. The aelion of eldorine and of hypo- 
chlorous ^ci(^ on siHlium arsenite may he represented thus: 

(I) As/), t 2Cl.. t :iH,'l .AsjOi 1 -tlK'l. 

• (2) As/)a ( 2 II(’k'I - .\s/)j 1 211(1. 

I • . • 

It is plutn that, for the .sanu' amount of arsenite oxidised, twice 
as much hydroehlorie u<'id (or chloride) is piodiieed in the eas<i of 
chlorine as in the easi' of hypoehloroiis acid. The arsenite (which 
must always he in excess, sn that it is not eom|ili'tely oxidised) is 
then dividisl'into tuo ei|ual parts. In iin ' half, the amount of 
arseniU' remaininjf unoxidised is determined hy m'nns of ,V/I(). 
iodine solution, and from this the amount oxidised is •seertainesl. 
In the other half, the am unit of chlorine is delennin"d hy moans 
of Itf/lO-silver nitrate. In the latter determination the use of an 
indicator was x’ery soon discarded, although, if a considersblo 
•proportion of the arsenite has been oxidiwd, the arsenato prialucosl 
acta fairly well as an indicator, and may la' Used insteadaif adding 
a chromate to the solution. .Much more trustworthy resulti^ow- 
over, arc obtained by acidifying the solution with nitric at;id, 
adding a little of the silver solution, Iwiling for a minute or two, 
and then filtering a portion of the liquid. A little mhre of thi 
silver solutioS is aSded, drop by drop, to thp filtered portion, whici 
is thet^jgturaed to the bulk, and this bailed :did ^terii again 
lliis'is continued tntil the filtered portiim gives no further pre 
oipitate wiUi th% silver solution. 4* describ^R, the pr4cc|s seemi 
tsuitnna hnt in pr^tico it worlts very well, and the determinatioi 
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rff th(! rliloryiii CQii hefniadi! fairly rapidly. In this process, as the 
Holutiiiiis used ar<^ all dccini^mal, (,nd therefnre equal each other, 
Vhen the oxidisinj' ijKi-nt is purt^ chlorine, the amoant of silver 
niliale jisisl ( amount of chloride j^e.sent) Is the^ijjc^s the 
amount of arsenite o.xidisi'd. Wlii’ii liy|Mieh||irtius arad Ls the 
oxidi.sinj' nielli, the eJ)|oriile produeisl is only hElf the amount of 
arsMiiite oxidised 


7’Ai .Ir/foii i>j (’tirhnn hiiuiilit on r. 

It is very fre(|yi'nlly st.iti'd, aiul proliihly usually eipiisiilered, 
that earliim <lio.\idi‘ .simply liherati-.s li\poi hlorous acid from 
hli'iiehin}! powder .\ l■onsidl•ral>ll■ nuiiilH r of olwni rs, liowever, 
haxe pointed out thal liiloimi' is proiliieed when pure earhon 
dio.xide acts on hleaelniei powdei * 

Thus, |{uhards*;'ni| .luiu lper {lltnijl I’lihil ./, IS7t. IMI, 31) 
state that dry hleai hinr; powdei i.s almost ondi eonipo.sed lyv eartion 
ilio.xiile. If ahout Ml pei cent of w.itei is pi'e.sp*nl. foth iddorine 
anil hypoehlorous acid are |irislueei| , 

W'olters (./ pr. Chnn . l.sTI. |n |. III. I’js) n^-rs to tly* hheratvin 
of chlorine hy the aelion of e.irhon dioxide on hliMehint; pi wder, 
and l.unee and .Sehappi (/o'li;// I'lih/I ./ . I.SSH. 273. Ii3) state that 
earhon dioxide expels neailx (he whole of the ehloiine from hleaehing 
powder. 

Drexfiis [Hull S<ii- , ISS|, [u |. ||, lilHi|found that earhoip 

dioxide ha.'^no action on ealemm eldonde. hut. m the presence of 
chlorine monoxide, eithei dry or m aipieoiis solution, it hherate.? 
chlorine. 


More rcecntly this question, with others rel.itiiig to hleaehing 
powder, has Ik'ch mxcstigatcd h\ xoii riesenholt (./ pr. t'.Aim., < 
ItMU. |ii.|, (i3, :10 ; IMStl*. (il.l. .■•12 . MHit!. |u |. 73. :!l»l). Some of 
his cRiielusiiins will he rcferfcd to later 

In my lirst e.xperiment.s, earhon dioxide, in its ordinary moist 
condition, afler ladng well washed with water, was passed through a 
ll-tulie eohtaining hleaehing powder and a sutlieient amount of 
glass wool to give a fn« passage for the gas ( arhoh dio.xide, aa 
*ordinari^ prtjifnn‘11 hy the aefton of hydrochloric acid o|^ marWe, 
invariably carries xiith it a little hydroehlorieScid, and. in ^me 
of the pjiaA'imenta, Vliis x\as ri',moved by passmg ^hc gas through 
glass wool wetted with a solution of silver nitratp, which acta quito 
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effectually. When, however, the ({hk is well|WAshe(l with Vater, Uje 
amount of hydrochloric acid neeoiii4>aiiyiM)’ it is not sullieient 
to at‘riou.sIy,affeet the results. .\fliT |iassinc through the Ij^e.U'hing 
'[KiwfjJ’r, th^ j(i8 \uus |iassi*l thrtuijth a linn’'uer tulc eontainiilK 
X lO-socVium nrsiyiite. 

■.V consiileralfle n iiuIxt of e\|H'nmi'nt^s wen’ made, and the 
followini' is an e.vam|)le nf the res ill-, iiu.iii dd\ idii.iin si Twenty 
c.e. of flu- -V 10 -jirvMiU' \\v\'v n-'f.l 

[ 

Am«nml *•! .UNriiitr iiMtIlM'rl N . 

^Anitiunt *tf .\ nilMit'' si ri 

• 

It is jil.liil from tins tli.it (Ik* soh- proilufi of iho aftioii of rarlNiii 
(lic).\i<lr on hloacIiinii^jHivMtrr is rliltniio* I’lu’ < sf.v]nii '4 I'JIh a 
strong oiloiir of ( liioimf*. an i iioii - at all o^ iiypocliloroiis arid. 
Tito action prorotMis vory iapitU\ if th** imiIhki dioxi If is ([uiUi 
moist. 

Ill s««uo furllifi' rxpfilmfhts. tin* f-ulioii tli'ivulf was iliioii hy 
passin*' it^ovir nifiiim fhltnnif 'I'lif i lfffi <if <lr\m'4 lln* k'iw m 
that llio ai'tion hn’onifs mucti stouci. an l. as flic inoi'^tiiic nsiiaiiy 
prosoul in tho lilrat linpi pow«|fi is «,Mai|iiall\ cariictl away l>y tho 
<irv I’iirhoii liioMtif. it siioji Ims'oiocs c\1ic?iifly .slow Whfii thin 
*|)oint has horn n ai’lic'l, ihf iiist oit.in sais afcdfiatloii of Ihi* aftioii 
• whoii tho drvmi; tnlH- i.s if!iio\c«l is \fr\ sliiKni!.; Tin* foIl*i\viuj{ 
throo oxporinifnts sliow that tin- pimhift is tlo* sanif with tlu* ilry 
HK with tlu’ moist ^as. namely, iiothm-.' loit dilormf 


II 


I 






I 


a 


:{t 

:t 

1 *1 

l !»:i 

i; .M 

n:> 


• Ttl^dight exofsa of silver nitrate uw.l m.vy hiiv4 been due to « 
little hydrochloric acid carried over, although the or'tual amount* 
*re not beyonS the limita of aeeftracy of the mcthml. • 
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K£S£ABCH^S ON BLEACHING POWBEB. PAET I. 

' >»When dioxicjo is passed through a solution of bleaching 

])owder in water, the action is very rapid, but the result is exactly 
Uie sank), as the following exiKsrimcnts show : 

III. 

I I C ' 

I ^ a 

ArjM*uit(5 oxiflinofl. Clijprido produced^ 

5-6 

The wsuing again lias a strong odour of chIorin*e, and none 
at nil of hypocldorous acid. 

c 

Action of Carbon Dioxide on a Mixture of Sixlium’^Chloride and 
Uyiiorhiorite, and on a Mixture of liromidc and Hypobromite. 

The mixture of ftMlium chloride and hyjwicldoritc was prepared 
by iHissing chlorine into n moderately concentrated cold solutionaaf 
sodium hydroxide. 'I’lic following experiments show that the action 
is exactly the same as with a solution of bhuiehing powdej ;— 

IV. 

.\is,'mli' nM<lisi"i. I ClilnnUe peshieod. 

I r I 112 

i; a-1 (jl:l 

When earfain dioxide is passed through a sedation containing a 
mixture of a bromide and a hyp<d)rondte there is, ns one woidd 
naturally expect, an immediate and copious liberation of bromine. 

It is well known that carbon dioxide nets in a similar way on a 
mixture of iodide and hypoitalde. 

It appears, from th<w foregoing experiments, that the action of 
carbolll*' acid on blenching powder and similar suhstniices is like 
that of any other acid. There has Is'en much discussion as to 
the actual eohstitution of dry hlenehing jHiwiler, but, whatever 
tl^t constitution may Im\ it may he taken that, in solution or in 
p^sence of water, it U, (o all intents and purpoSbs, aamixture of 
'ihlorido acd lutjiochlorite. The usual explanation of the action 
of, say, sulphuric acid (when used in consider<rt)le quan&ly) ^n 
bleaching ^Mjavder is tljat the etdoride and hypochlorite are both 
decomposed, with the simultaneous production of Jiydrochloric and 


S-5S^ 

31 
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hypochlorous acids, and inm uiotu ucruni|M>f<c cacii aiBcr, wnn ma 
liberation o4 chlorine. The i|ue«tion t» whcthei; or not we must 
(jock soifto other explanation of the action jif ciirhonic acid? 
For n%r ujrll l*ha%1( no <l<ntl)t aa to the anawiT to tha^i|H-ation— 
the action of carlliiuic uoul <n\ {toudrr is oxHotly like 

th&f of olhjT acifts. Of course, tins juvolvcs the conelusioii that 
calcium chloride (or sodium chloritle. for evaniple) is decoin)i<tmHl, 
when in solution, by earhonie acid, with the liberation of hytlroehlorio 
acid, ami that, therefore, tlui actum of h\drochlnric acul on enr- 
bonatcH is a*rcvcrsihh* oiu* : 

CafO,, I illCI , CaCI, , 

I have tric^l to ohtain aoinc l■^p^•IilnclHaI evidence that this i* 
the case, and not alto;{etlier uitlmnt siicccaa. 

Many years uyo Mffllcr ( Jitunt ('h m Sttf , |,S7o, ‘J.’t, llh) statiul 
that a solution of lead clilori Ic is dccnnipo.sed nticn cartsin dioxide 
is (ftissei^throuyh it, with lilsTation of hydroeldorie acid and pre¬ 
cipitation of a ehloriM’arlioii.ite, and that some of the liheraled acid 
could actually he distilled olf lie also stated that earlam dioxide, 
untlcr considerable pressure. Mould di eoiiipose sialinni and ealeiiim 
chloli'ies, uhen in soltiliiii in Mater, Mitli lilieraticiii of hydro- 
rTilorie acid, lie used nltraniaiim' as an indi alor, and slateil that, 

M'hilst eariaiu dioxili- aloim does not di nipose ultratnaiine 

t#8[>ended in Mater, even ender eonsideralde pressine, if the Mater 
contains emnnion s,dt di'-oKed in it I lie eoloiir of the nltrainaiine 
is destroyed. 

t am nnahle to eonliini the l.itter oliserv.ilion CarRon dioxide, 
when hiihhii'd tliroiittli Mater in Mliidi a lillle iiltrainarine is 
sus}K-nded, has no elTeet on it, Mliether the Mater I'oiitaiiis salt or 
^not. Under a pressure of a fcM iitniosplo ies, lioMever, nltrainaiine 
is doconiposisl and deeolori.sed by earhonie acid alone, and I have 
been unable to observe any dilTerenee in the aelion Mlieii tlie Mater 
contained salt as mcII. The l•.v|M•Iilnents I made acre |H'rformod 
in an ordinary sparklet apparatus, in Mhieh the prjjitsnre attains 
five or six atmospheres. If distilled aater Hith a little ullramarino 
suspended in it is^daced in such an apparatus, and then the lii|ui(| 
charged »ith carbon dioxide in the usual w#y, there is no imm«liat« 
o6fe(^, JmiE, in the joursc of a day or two, the coloui{of dte ultra- * 
marine gradually disap|)cari). As stated above, the presence of 
salt (or of calcium chloride) in the water makM no apparent differ¬ 
ence in the results 
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Methyl-ofitfige is, However, s mnch more delicate indicator for 
acids than ultramarine. liSis usually assumed that ^e former is 
%ot aSkted by carbojiic acid, but this is not quite correct. If well 
washed^arbon dioxide is bubbled throil^h distilkd ifal^ ^on^uning 
a little methyl-orange, there is a distinct alter«tit)U of &e colour, 
although it docs not (um pink. If, however, the water contains 
alsw a little pure salt, or calcium chloride, or potassium chloride, 
the colour becomes distinctly pink when the carbon £oxide is 
bubbled through. The change of colgur is most striding in the case 
of tho common salt, but it is quite evident with the other chlorides. 
This may bo takcnSis evidence that carbonic acid liberates a sensible 
amount of hydrochloric acid in solutions of chlorides, thatjs to say, 
tho action of hydrochloric acid on carbonates is a s-eversiblo one. 
()f course, the amount of hydrochloric acid ^hus liberated must be 
extremely small, b^t it will be quite sulTirient to explain the action 
of carlnniic acid on bleaching powder and similar substances. Tho 
small amount of hydrochloric acid liberated will bo at^oiuat decom¬ 
posed by tho hypochlorouH acid liberated simultaneously from the 
hy|H)chlorite ; this will enable the action of the carbonic acid to 
proceed as before, and so then* will bn a conhinuous qvolution^f 
chlorine, and, if this is carried away ns fast as it is formed, the 
bleaching ))owder will bo almost conqjictcly decomposed. 

It may here be noted that if carbon dixoidc^ is bubbled through 
water containing potassium bromide or ammonium ^chloride aiSl 
coloured with methyl-orange, the change of colour is not so striking 
ns in tho e^c of the three chlorides mentioned above. Pure water 
colour'd with methyl-orange becomes quite ]!ink when charged with 
carbon dioxhic in a sparklet apparatus. 

Von Tie.senholt {Inc. cil.) ex|ilains the production of chlorine when 
carbon dioxide acts on bleaching |xiwder by sup{x>sing that hypo-, 
chlorous acid is first fegmed by tho action of the carbon dioxide on 
tho lm|S)chlorito present, and that this acts on the calcium chloride, 
liberating chlorine: 

« PaCI, I 2HOC1 = Ca(t)H), -f- 2C1,. 

, He finds, in eoirfirmation of this view, that chlorine is liberated 
Vhen a solution of hyp^hlorous acid is added ts calaium chloride 
• or to coBtmon salt. The ex])crimrnts here described, however, show 
that nothing but chlorine is produced by the*action o^SrHbnio 
acid on bleaching pawder, so that all the hypochlorous acid which 
is liberated must ^ decomposAl. Apparently, if vmi Tiesenhedt’s 
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Tiew m right, hypochlorouB acid cannot eiAit in Uv^”’*’**^*’** 
loffioient amount of a chloride, ao tHht it wonl(i be impo^bie to 
»zpel ,cny *hypochloroa8 acid from a aolption which oontaiiti 
)hl<^e^ % ks will be sdn later, however, imxtureg o( chlorine 
ind hypochlor^ui acid containinK a considerable ]iro|Nirtian of 
the lattpr_ can be cx|wllod from soliitioiv of bleaching powder. 
Conjequcntly, whilst it is jHiasible that the action of hy|>(K‘hlt)roua 
acid on*eldorides may account for some of tin* ehlorino which ia 
produced in t^ie ease of conea'nlrated solutions or the men*ly moiat 
bleaching jfcwder for exainiile, von 'ricscnholt's explaiution would 
not appear to he preferahle to thi' one ollcrisl abovi'. 

• 

Thr Aetinn af Air nn Hlftchimj Poutler. 

Although this was not the order in wliiidi Ibe i'X|M'rimentH wore 
Bf^ually tried, it will l>e host to ilcscrihe lirsi the I'lfeet ipf air from 
which all tBb carbon dioxide has bis n removisl. This was done by 
passing the air through washing eyliiiilios containing coke wet with 
a concentratssl solution of scslium hydroviile. It was then bubbled 
through a*milky soluti*pji of bleaching |»ow(h*r (about to Ht per 
cent), and afterwards through solution of sodium arseiiite. 

In all the exiHTiments with air, it was (lassed through at a rate 
bf about 10 to ir> litres (s-r hour. 

Air free from carbon dioxide is priwdically inert so far as 
bleaching powder is concerned, and naturally all that i^ can do is to 
sweep out any chlorine or hypisdilorous acid which may hapjicn to 
be present. Consequently, the action is very slow, and the exfleri- 
ments had to be carried on for a long time (from 72 to 9tl hours) in 
order to obtain suIBcient oxidising action in the solution of amenito 
to bo able to judge what was In-ing carried over. The following 
results were obtained in thrisi si-parato cx|S’riments: ^ 



Arwinitd) 

• oxUluiRd. 

Cliiorid«» 

pitfducAd. 

HypochlorotM 
p ft cont. 


1-08 

1 ** • 

1 (#'57 

80 t 

t 


' 0-45 

too 

3 

lt.8 1 

I 0-38 , 



‘chlorins, • 
jyir coot. 







12 - 


RESEARCHtS ON BLBACHINO fOWDEB. PAST I. 


• ‘Hie amounk of oxidation in these experiments was very little, 
but thev apjwar tQ show that a small amount of free hfrpochlorous 
illid exists in a solution of bleaching powder, whicA is E^ply. 
swept 01 )^ by the passage of air free from carbAn dioi^d%thfough 
it. ftobably the free hypochlorous acid is d#e to the calcium 
hypochlorite in a dilute soluticn being to some extent hydroly^, 
thus ^ ■ ■ 

C'tt{(}Cl)j h 2HjO ,' (J.i(OH)j + 2H0(;i. 

This doubtless accounts for the fact that solution’s af bleaching 
jKJwdcr have an odyur of hypochlorous acid. 

One similar experiment to the above, was made in which the 
solution of bleaching powder was kept at a temperature ofabouty 
4(1" the whole of the time. In this expi'riment, also, pra cticall 
nothing but hypochlorous acid was swept oiA, the only difference 
being that, as one \fould expect, the time required was rather less. 

Artioii of Orilinnrij Air on liharhing 1‘ou'der. 

• 

A considerable number of experiments were jimde with ordinary 
air, passing it through a tube containing dry bleaching pAwder, and 
then through the solution of ar.senite. .\( lirst the action isratheP 
slow, but, as the bicaebing powder gradually becomes wet, the 
action proci'cds mori' and niori’ rapidly. In .some of tin* experi* 
ments (he moisture of the air was purpo.-.ely inerea.sed hy ]>assuig it 
through a tube containing wet glass wool. In each of the two 
following selves of e\])erimrnts the sanu' tube of bhsiehing powder 
was used throughout. The time oeeupii-d by each experiment varied 
from about 24 hours at the beginning to six hours when the bleaching 
powder had bivoim' wet : 

VI. 

Seines I, 



1 .VVe'llitO 

! riilorul** 

' HyjKM'liKtrouH 1 

Olilorino, 


. 

j priHhu'tHl. 

m'ui. j»'r I'fut. 1 

j> »r «»nt. 

1 

AH ! 


11 • 1 

80 


'*9 

• 

1 

13 

87 

3 1 

h-Si 1 

! 1*-:* 

10 , 1 


A 1 

7-0 i 

I aw 

i 

lOU 

5 . 

eO 1 

^ 71»iw 

! *• * 

1 100 

1 

1 

1 
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^roducTfl. 
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pit otmi. 
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3*1, 

1 Ha 

i 

• 

. 2 

3J5 

ai 

H • 

»2 

3 
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1 •" 

KMt 

_ 
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The aliovo'exiKTimi-MtK urn w'loctwl from ii niiwidoruhlo number, 
uid they all tend to ahow tliat, at the outm-t, ordinary air aweepa 
3Ut from l)leaehin>; i)o\vder a mivtiire eonliiinii^ from H(( to tK> jier 
sent of ^hlorine, and from lo to 20 |K'r eent of hy|aiehloroua aeid, 
but that, aa tiie action |>roceedM, the amount of hy|HH-ldoroiia acid 
^adually diminuhea, and at last nothiiiK lint chlorine apiasara. 
rhe gradation of the experimenta ia not thi‘ aamc in the twt) aericR, 
hut that ia partly due to tin* fa< t that some- intermediate cx|)erimenta 
in%oth»(erij|a «cre apoihal by going on too long. 

When ordinary air ia pnaacd through a aolution of bleaching 
|>owdur (not liltcred, and containing about o to 10 per cent of the 
powder), ^le prop<a'tioii of hypochloroua acid auept out ia con.aidur- 
ahly greater, aa indeed one would c.xpcct d «c accept the auggeatiou 
that the hy]a)cbloroua acid ia due to hydrolyaia of the calcium 
hypochlorite. As in the case of the dry powder, however, the 
hmount of hviMtchloroua acid gradually diminiahea aa the ex|H‘rimont 
procoeda, although it docs not diaaf>|H-ar altogether. The following 
experimenta were made with the same aolution of bleaching (Miwder, 
in the order in which tlii'y are given. In Kx|H'riment No. 4, the 
proportion of hyiarchloroua acid ajiiMsira to havi- risen slightly, hut 
the method of determining it ia not accurate enough to enahlo one 
to say that the amounts in Hxia-riincnta 3 and 4 were not aub- 
atantially the same. 'Hie action was vcry^alow in the first ex|H‘ri- 
ment, but much more rapi<l afterwanla ^ 
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■ *It must fae^intecTout that the above numbers, showing t]i» 
relative smounts hypocblbrous acid end chlorine svept out of 
tfco liquid by the air,,do not necessarily represent the'actual prot 
portions ^nx^nt-at any moment in the liquid itself. %l^re*i8 no- 
doubt that chlorine^ being loss soluble in water fhan hypochlorous- 
acid, will bo swept out more readily, so that ttic proportion' of 
hyposhlorous acid actually present in the liquid is ccrtainl^greater 
than the above numbers indicate. , 

These results, showing the action of ordinary aia on bleaching 
powder, arc very remarkable. The difference between* the action 
of ordinary air and* air from which the carbon dioxide has been 
removed is, at first sight, almost incredible. Whereas the latter 
simply BW(!ops out from a solution of bleaching {)ow9cr (although 
very slowly) practically pure hyjwndilorous aegi, the presence of the 
really very small ngiount of carbon dioxide which usually exists 
in ordinary air caum's the action to proceed mucl> more rapidly 
(although not with anything like tlu^ rapidity with avhith pure 
carbon dioxide acts), and, after a time, has alrao.st the same effect, 
so far as the product is concerned, as [masing [lure carbon dioxide 
through it. 

I have ulrea<ly exjnessed the opinion that the action of purus 
moist carbon rlioxide on blearhing powder is the same as that of 
other acids- - it is a inass action, and the carbonic acid decompose^ 
both the chloride and the hypochlorite. Whilst one may accept 
this exjilanation in the ea.se of pure carbon dioxide used in com- ' 
paratively Injge iiuantities, an 1 always locally in large excess, it is 
im]>ussible to Is'lievc that the small amount of earlnm dioxide 
ptx'st'iit in ordinary air can net in the same way. We must, there¬ 
fore, look for some other explanation. 


Tie Action of Chl^inc on Alkalis a Rtvemble Action. 

In former paia-rs {Mem. Manchcstir Phil. Soc., 1897, 41, No. 
VIII.; Joiirii. Chem. Roe., 1900, 77, 725) 1 have pomted out that 
the action of ibdinc on alkalis is a reversible one. If an alkali is 
ot^ded to a aolution of iodine in water or in potassium iodide until 
thi colour just disap|M>ars^ the addition of [mtassiiRn ioRide to the 
evolution oj^usea the liberation (fssome of the iodine:— 

* 2KOH + I,KI + KOI +«,0. * 

The addition of thihextra amount of potassium io|}ido causes the 
reaction t% proceed from right to left in the a^ve expression. 
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Alao, and this, too, follows from the fact that the aotimi h terenibw, * 

the amount alkali needed to complcCe the reaotion from {eft to 
right ejad to lemovc the colour of the iodine is c^nsidwably more* 
than if required by the equation, so that the almost oafourleas 
solution of iodide atid hypoiodite always contain^ some free alkali. 

When these ex]>eriments were made, sfinilar ones were also 
performed with bromino and alkalis, but analogous nsiults were 
not obtained. flTio reason of this must have laa-n that tiai strong 
a lolution tif^bromine was used, beeausi' 1 fiiul that the reversibility 
of the action of bromine on alkalis is quite as striking as that of 
iodine if a V(‘ry dilute solution of bromine is eniployetl. Thu action 
is not n"hrly iji easy to see uith onliniry bromine water, but if 
this is diluted with 10 to 20 times its bulk of water, and then 
sodium or p<itassium hydroxide added drop by drop until the colour 
of the bromine has disap|M>nred, the addition of (Aitth* eoneentrated 
sotwtinn ^of p<itassium bromide.' I'aiises a m'liifest liberation of 
bromine. TBu lils'ration of bromine is s'-eii still mon' plainly if, 
instead of.the solution of potassium bromiile, a I'onsiilerabli' amount 
o^the powdered salt^is added. The addition of the extra |Hitassium 
bromide eausi's the action to proceed from right to left ; 

2K()H I Br, KUr ) KOBr i H,(». 

• It is perfectly reasonabh' to sup|N>se, then, that the action of 
chlorine on alkalis is also a reversible aelion. This has already 
\)een suggested by von Ties' nliolt (/w. ril ), who deserils's a nuralmr 
of experiments which point to this eoie’lusirrii. I hnwr biH-n able 
to demonst^te, by exis'rinunts whi'-h are ileserils'd later, that this 
conclusion is eoireet, and it will Is' si'cn that it siipplw'S a p<'rfcctly 
satisfactory explanation of tie' action of ordinary air on bleaching 
* powder, and that it also I'xplains some well.known forts with regard 
to some bleaching solutions which have l)*'n hithi'rt<i apparently 
inexplicable. 

If we represent the action of rhiorini' on stslium l^droxido and 
on slaked lime thus : 

,2NaPH 1- Cl, ei NaCl + NaOCl T H,() 

and ^ • 

. •'«Ca(0H),d 2C1, . ' CaCit-f Ca(fJCI), ) 24,1 

* U U not sugapsted that this aquation ropmsnttPwhat aotaally (xsnira in 
the manufsetura A bleaching powder, bflt simply thU (xnulitian of d^uiUbrium 
in which it exists when 'wat or in aolut^n. ^ 
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■ft is plain tki)^ the ohtorides produced by the action are continually 
tending to reverse the reaction, so that, to carry it tosa finish from 
■left to right, there ipust always be a considerable afiiounl^of fr^E 
sodium^ hydroxi(fe or lime present, ft is a ^eU-fin(^n^ fact that 
bleaching powder always contains a consideriible amount of.free 
lime, and that it is inipossible to prepare it othdirwise.. If this' free 
lime, or a portion of it, is removed, then the reaction will proceed 
in the opposite direction to a greater or less exteijt, anJ chlorine 
will be liberated. , 

A number of experiments were made to test this poiift. A filtered 
solution of bloacking powder was employed, having a specific 
gravity of 1-03 to 1'06 in different experiments. In order to remove 
some of the free lime, the solution was exposed tf> air for some 
hours in a shallow dish, with occasional Bh|king. The amount of 
free lime present jn such a solution is considerable, and the latter 
becomes very milky on exposure to air. The liquid was filt|red 
from the precipitated calcium carbonate, and air frees frc4a carbon 
dioxide was passed through it and into the arsenite solution in 
the usual way. The following are some of the results oBtained ;— 


vin. 
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Chlorido 
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HypochlorouB 
acid, pv^r cent. 

Chlorine^ 
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4-04 

8 

92 

0 

2*27 

1-52 
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Most of the separate experiments were made with different 
portioits of the solution, which had been exposed to air for different 
lengths of time, so that the extent to which the free lime was 
removed varM; Doubtless this accounts for the irregularity in 
^e results* In all the above experiments the action was much 
iliore rapid than was thg case with the solution ?rom*which none 
c- of the free limp removed (see Exps. V., p. 11), th^|apidity 

evidently depinding on the extent to which thuPremovsl had been 
oairied. Itewill be hoted that ^sides the large quantities of free 
chlorine produced, in most of the experiments the^ amount of hypo* 
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dblorous acid swept out from me iiquia was very mucK greater than 
was the case jvith the solution from winch no free lime had, been 
mpjove^, TMs is quite whjt ona would expect;, to occur. The 
hypochterc^s'^cfd, s& before stated, is probably due to hy^olysis 
of the calcium hypidilorite in the solution. This qlso is a reversible 
action, and one 3f the products of the hydrolysis is free lime, the 
^moval of the lime naturally stimulates this action as well. ’ 

These experiments demonstrate quite sulhcicjitly the reversibility 
of the reaction between chlorifte and calcium hydroxide. As the 
free lime is more or less removed, the reaction proceeds in the 
opposite directum, and chlorine is liberated. In ihe.so experiments 
the tree clUorine is swept out of the solution, but it is contmually 
being reproduced, the steady nunoval of the, chlorine allowing the 
reverse action to take place continuously, [f the free chlorine were 
removed from the solution in any other way. By bleaching, foi 
exansple, it would in the same w,iy be continually reproduced as 
long as any o? the bleaching substatuie remained. It follows from 
this, of course, that the bleaching action of a solution of bleaching 
ponder Avill be stimulated by the removal of free lime from the 
solution. Tllis will be referred to again later. 

*%ie action of ordinary moist air on bleaching |s)wder, both solid 
and in solution, described on p. 12, is now jieifectly intelligible. 
Thb carbon dioxide in the air combines with the fn'e lime, and, as 
this graduall 5 * diminishes and finally practically disapjHiars, the 
reverse action iwoceeds freely, and, of course, chlorine is produced.* 

It is usually understood, and has been frequently stated, that a 
pure solution of hypochlorous acid bleaches more energetically and 
more rapidly than free chlormc. It may be doubted whether this 
ip really the casci. I have prepared practically pure solutions of 

*lt may be asked, if the removal of free lime*by carbon dioxida is a 
atUfaotory explanation of the fact that ordinary air expeb chlorine Ytom 
rteaching powder, would not this also explain the action of pure carbon 
lipxide on bleaching powder, so that there wotdd be no iiec^to assume, as 
> done in the first part of this paper, that carbonic acid decomposes chlorides 
rith the liberation of hydrochloric acid ? The author adheres to the latter^ 
izplanation simflly because the action of carbon^ioxide is so much more 
apkt than that of air. A stream of carbon dioxide through^ solvition of 
ilaaohbtg'powder libenUes chlorine from 10 to 20 times more'rapidly than 
lir at its quickest, and the action altogether suggests g rapid an,d complete 
leoomposition, suchPas is e0ected by otiier acids, father than the mere 
weeping out of chlorine produced by the tqyersed action. 
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. M^pocliloroiw^acid, arift compared its aciion with that of a solution 
qt chlorine on various colouring matters, and I havo^ailed to find 
*any evidence of the^oater activity of hypochlorous ftcid., Rather 
the coqltrqj-y. \^ith a solution of indigo-carmlne, for^ymfde, the 
bleaching action,of chlorine is much more tftpid than that of 
hypochlorous acid- ia the case of the latter fho action is to be 
described as sluggish, rather than rapid. This is an ipiportant( 
point, because 1 am strongly of opinion that in thetuse of solutions 
of bleaching j)owd<‘r and similar subhtanecs for bleach^ purpo.ses, 
most of the actions generally attributed to hypochlorous acid are 
really due to chlorine, and tliat, in practice, liypochlorous acid plays 
only a minor part in bleaching. 


It is remarkable how the bleaching action of a solution of 
bleacliing powde^is stimulated by the mere removal of the free 
lime in it. Tf a strip of Turkey-red calico is placed in a clear 
solution of bleaching powder .so that it is completely invuers^ in 
the liquid, and if the liquid is kept in a closed vessel so that air 
has no access to if, then^ is scarcely any bleachhig action'at all, even 
after several days. If, however, the solutionis placid in a basin 
or a shallow dish, so that air has free access, and if a small port^n 
of the red calico is left outside the liquid, so that it is reached by 
the solution and the air at the same time, the portion outside 
is bleached quite rapidly, further, if the coloured calico is co5n- 
pletely immersed in a little of the solution contained, say, in a deep 
test-tube, and the test-tube is breathed into about half-a-dozen 
times, shirking each time, the calico is very soon bleached. Also, 
whilst, as .stated above, a fresh .solution of bleaching powder has 
very little, if any, bleaching action on a piece of red calico com¬ 
pletely immer.sed in it, if the solution has been exposed to air in 
shallow dish for a fc\j hours, with occasional shaking, then a piece 
of r^l calico completely immersed m it is bleached rapidly. 

-A simple but very .sfrikmg ex|icrim<nt wliich illustrates the same 
point is to itu^nerse a strip of ordinary red litmus paper in a fresh 
solution qf bleaching powder. The paper is turned blue, and in a 
tshort time it is bleached. If, however, immediately after it has 
been tapped in the su'iution„it is breathed upon, it is bleached 
almost instrfntlj’. A solution of bleaching powder whicH'nas’been 
well expend to ai(, as described above, bleaches litmus paper at 
once. 
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In all these cases the more rapid bleaching action is simply aue 
to the removal of free lime, and I thin( it is plain, also, if ryferenoe 
ja to»the experiments. Series oi^ p. 10, tiat the 

prinoipal^bfcadhing' agent is chlorine, and not hypocMoraus acid. 
Certainly those (Js^Keiments show that in some jascs a considerable 
pio^orfion^of hyPocldorous acid is swept out, but in all oases the 
rapidit;^ of the bleaching action is roughly pro|H)rtiunal to the 
extent to whi(j|i the free lime is removed, and t ho more compiotely 
that is done the greater is the proportion of chlorine liberated. 

It is a ftfet, well known in bleach-works, that an old vat is more 
active than a new one. The reason for this is bbvious. Exposure 
tc^air, sspecially if the liquid is frequently stirred, gradually 
causes the rehioval of the free lime. 

If the action of ^hlorine on lime is, as I think the above 
experiments sulHciently deraon.strato, a reversible action, then the 
reverse action rau.st bo stimulated by the .addition of calcium chloride 
to the sSlutkm. E.vperiments were made to .sec if this is the case. 
After Exiierimcnt No. 2 (Stwies VIII.) on ji. 10 was finished, a 
considerable amount of crystallised calcium chloride was addeil 
tj> the same solutiofi of bleaching powder and air free from carbon 
^xide passed through it agaui. The action became considerably 
more rapid, and the effect of the calcium chloiide is seen by a 
(mmparison of the two experiments. No. 1 was Isifore, No. 2 after, 
the addition»of the calcium chhwide. 
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The solution used in experiment No. 6 (Series VIII.) was treated 
in the same way with the following result:— 

1 
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These experynents show plainly, that, as atilicipateif, tt)p reverse 
actiim is greatly increased by the adc^tior of more calcium c]iloride. 
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Other chloiWes, of course, ought to have a similar effect. The 
following experiments show tlie effect of adding commcsi salt to the 
solution. As befoje, the greater part of^he free h'me m*^ho scjuticnii 
was remfcvad by exposing it to air. Experiments 1 ar^ ? were 
successive experiments before the addition of tfi(/ salt, and No. 3 
shows the effect of tho salt. The salt was added in considerable 
quantity—almost .sufficient to saturate the solution. 


X. 
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The addition of th(! salt in the above experiment caused the 
action to prcxiecd much more rapidly. Thus, whilst iA cxpeiiment 
No. 2 it took 20 hours to oxidise 6-25 c.c. of the arsenitq solution, 
in experiment No. 3,6-63 c.c. were oxidiscjd in fo,jir hours, the carbqji 
dioxide-free air passing through at approximately the* same rate 
in both experiments. 

Experiments were also made to see the <'ffcct of the. addition of 
calcium chloride and .salt to an ordinary solution of bleaching 
powder, without remvoing any of the free lime. The? free lime in„ 
the solution, of course, tends to stop the reverse action, so that the 
effect of adding calcium chloiide or salt to the solution is not nearly 
so great as when the free lime is first removed. The following is 
the result of the two experiments tried. 

To No. 1 calcium chloride was added, and to No. 2 common salt 
—both in large quantity. The action proceeded very slowly indeed 

____ t _ 

* THe opparently complete dbappearanco of hypochlorous acid indicated 
in experiments 2 (IX.) and 3 (X.) is very remarkable, and seems difficult to 
explain. It is i|||^ claimed, however, that the method used for determining 
the relative amounts of chlorine and hypochlorous acid is perfectly accurate 
ink* doubtfufwhether it would be possible to detennino very small proportions 
of hypochloroiw acid by it. ^ It must also be borne in nflnd (fte p. 14) that 
* ohlorine ig morg easily swept out fnom the solution than hypochlorous acid, 
so that it is potilible that the latter does not altogetber^iisappear.* Fbssfbly, 
also, von Tiesenholt’s explanation (see p. 10) may apply here, and the 
hypoohlovuB acid may b» all decomposed by the large qufVitities of chlorides 
present^ the solution. 
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in both experiments, but the resultscarc sufficient' to show that, 
oven in ordinary bleaching powder solution, the addition of dhloridas 
“has a* lensi^le ^ffe^t in revarsing the action 
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It foUoft's from the above ex^Hirimcnts that the addition of 
siciura oliJoride or salt to a solution of bleiKihing {)owdur must 
'jitrciso«a stimulating effect on the bleaching action of the solution. 
This is jctiial^’ the ease. If some of the free lime has been romovod 
from the solution, tliejL-fIcct of the addition of considc'rablo amounts 
of calcium chloride or salt on the bleaching action is very striking. 
WJth bleaching powder solution in its ordinary state, containing 
the usull amount of free lime, the (effect on its bleaching action of 
adding calcium chloride or salt is, for the reason pointed out above, 
not nearly .so great, although it is quite suflicicntly marked. 

* I understand tifat it has been found, in actual l>le.aching, that 
fife addition of either calcium chloride or salt stimulates the action, 
but I am not aware that any satisfactory exjdanxtion of this 
stimulating effect has hitherto been given. It may [Xirhaps bo worth 
the while o^practical bleachers to note that tlu‘ addition of calcium 
chloride or .salt has a much greater effect when some of the free 
lime has been removed—by exposing the solution to air,rfor example. 

Bleaching solutions made by the. electrolysis of a solution of salt 
have latterly come into considerable use, and I understand that 
the fact has been frequently notcrl that a s( lution of scdluni hypo¬ 
chlorite thus piepared is moie active than a solution of sodium 
hypochlorite, containing tlu! same proixirtien of available chlorine, 
prepared by the addition of sodium carbonate to a soluKon of 
bleaching powder and allowing the precipitated calcium carbonate 
to settle. The explanation of this is obvious wheiNlf is understood 
that, in prejmring the electrolytic bleaching solution, f«ily a small 
fraction of*the fait in the solution is usually decomposed. TRe 
solution thus differs from that made by the oth^ method by ’ 
coittaihii^g a large«mount of salt, and the effect of thlk is to increase 
the reverse action and so to liberate chlorine Si the sokition. Also 
in the electrol^is of the sdlt, chlorine and sodium hydroxide are 
irodyced in exactly equivalent proportions, so that there cannot 
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be a sufficient'amount of tte latter to absorb the whole of the 
ohlorinft. Under these conditions, the reversing action Jf the excess 
of salt will naturally 1)0 very considerable. Thf grgatw bleaching* 
activity of such a solution is therefore perfectly n|^irai, aiti exactly 
what one would e.’fpeet. 

4 

Summary. 

1. The action of carbon dioxide on,bleaching powder and similar 
substances results in the liberation of chlorine only—no h^imohlorous 
acid. The conclusion is drawn that the action is like that of any 
other acid, and that carbonic acid decomposes both the^chlorjjje 
and the hypocliloritc in the bleaching jiowder. It follows from this 
that the action of hydrochloric acid on carbonates is a reversible one. 

2. Ordinary mi^t air acts on solid bleaching powder, liberating 
at first both chlorine and hy|)ochlorous acid, the former in much 
the larger amount. After a time nothing but chloiino,is product. 
When ordinary air is passed through a solution of bleaching powder, 
a mixture of hypochlorous acid and chlorine is swept out, at first 
in about equal amounts; but, as the experilnent proceeds, tHb 
former diminishes, and the latter increases to about 90 per ceaj. 

3. The action of chlorine on alkalis, like that of iodine and 
bromine, is a reversible one, as stated by von Tiesenholt. If the 
free lime in bleaching powder is removed, this causc«^ the reverse 
action to proceed, and thus chlorine is liberated. This explains* 
the action ^ ordinary air on bleaching powder. The levorsibility 
<tt the action also explains the stimulating effect on bleaching 
which the addition of calcium chloride or of salt causes in a solution 
oi bleaching powder. 

4. In the ordinary processes of bleaching the active bleaching 
agent is probably free /ihlorine, hypochlorous acid playing only a 
minoDspart. 
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THE ACTION \)F CHLORINE ON ALKALIS AND OF 
CARBON DIOXIDE ON BLEACHING POWDER. * 

Prom the Transaclioni of Chfmiral Society, Vol. 99. 

In a former paper (see Paper No. 1) I stated i^y couelii.sions that 
ihe action of chlorine on alkalis, like that of bromine and of iodine, 
is a reversible eno, an l that the action of carbon dio.xideim bleaching 
powder and similar substances is like that of other acids, the 
jarbonio acid decomposing both the hypochlorit^- and the chloride. 

The.se conclusions are confrovertcul by iS. H. Higgins {Jotirti. 
Ohfm. S^p., ^911), an l it apis-ais to be necessary to n^ply to some 
of his criticisms. 

1 had ^Jointed out that if the action of ehloiine on alkalis is a 
rsversible ojtc, the action would be reversed either («) by the removal 
n^^eo alkali, or (6) by the urldition of chlorides to the solution, 
r showed by actually sweeping it out from the solution that free 
chlorine is dcvelojwd in a solution of bleaching powder («) by the 
rSmoval of free lime, or (fc) by the addition of chlorides; in the 
tatter ca.se, however, to only a slight extent unless some of the free 
lime is removed first. I further pointed out that the cjpvelopmont 
of free chlorine naturally stimulates the bleaching action of the 
solution, and described experiments showing that the bleaching 
action of a solution of bleaching powder or of sodium hypochlorite 
is much more rapid after the romoval of free alkali, or on the addition 
of common salt or calcium chloride, providejJ there is not too much 
free alkali present. 

Higgins says (1) that it is not so much the romoval of the 
free lime from the solution as the further actioi^^ the carbon 
dioxide of the air on the solution after the free lime has bejn removed 
that increase the jrleaching efficiency ; (2) that the action of comnKlS 
salt and of calcium chloride in increasing the bleaching efficiency 
is due “ fo the ingreased attraction of the carbon cSoxide of the 
air by the salt solution ” ; (3) that other nei^lral salts of sodium 
have an effect limilar to that of the chloride in stimulating the 
^(teaching action when used in eauiwalent amounts. 
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^ith regaM to (1) an^ (2) it is sufficient to point out that, 
jui the great majority of the author’s experiments, afte» the removal 
of free alkali or th» adUition of salt or ca^ium chloride t^he tolutioii, 
air ha<? n* access to the solution; or, when air waaj u^, for 
example, for sweeping out the chlorine and hy^chlorous aoid in 
the solution, the carb&n dioxide was removed from it-first. Also, 
in tlio case of further experiments presently to ho described, all of < 
them were performed in closed vessels, to which aif had no access. 
With regard to Higgins’ statement (8) that “ other no^utral salts of 
sodium have an effect similar to that of tho chloride in stimulating 
the bleaching actfon,” it was considered de.sirable that further 
experiments should be made. » * ** 

Sodium hyiiochlorite solution was prepared in three different ' 
ways: (1) by j)as.sing chlorine into a cotd solution of sodium 
hydroxide, (2) bj^ precipitating an aqueous solution of bleaching 
powder with a solution of .sodium carbonate, so that tlje filttred 
liquid gave no precipitate with either of the solutioife, and (3) by 
exposing a solution of bleaching powder to air in a sl^allow dish 
for a few hours, in order to remove some of tl^^ free lime, and tlq-n ^ 
precipitating as in (2). * 

In ])reparing the hypochlorite by method (1), if the chlorin?li- - 
passed in too long the solution smells of free chlorine, and bleaches 
very rapidly, and it is desirabh- to add more of the alkali. This 
was usually done until the odour of free chlorine ha<f disappeare 
and then the solution was diluted with water until it was of such a 
strength a% to take a i-easenable time for each experiment in 
bleaching. 

The rate of bleaching was simply the time required, in 
comparative experiments, to more e)r less completely discharge 
the colour of similar .small pieces of turkey-red calico, previously* 
wetted, and then imritersed in the solutnns. 

’Tfic various .solutions of hypochlorite were tried (a) alone, and 
{b) mixed with varying equivalent amounts of sodium chloride, 
sodium sulpfflfte, and sodium nitrate. In some experiments the 
«^lta were \veighed out and added in the solid .state to the solutions, 
W more frequently measured quantities of stanifard Iblutions were 
used, ctntaiirag respectively 117 grams of common salt,^22 gjams 
of crystallised sodium sulphate, end 168 gram? of sodium nitrate 
per litr^',* • In all %ieh experiments the bleachipg solution with 


• Those solitf ionA arc 
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which comparison was being made was diluted with water in volume 
equal to th* amounts of the standard solutions used. • 

• The res^^s of a great m^ber of experimettts quay be summarised 
as foRowf;— 

4 .—If the solution of the hypochlorite contains a considerable 
excess of free alkali, its bleaching action *s extremely slow^ In 
some experiments, when the excess of free alkali was considerable, 
very little blekching occurred, even after several days. In such 
solutions tlfp rate of bleaching is almost unaffected by the addition 
of any of the salts alwve mentioned. When any appreciable effect 
does occur, there is very little difference in the effects of the different 
sifts us^d. y anything, the sodium chloride has a rather greater 
effect than either the sulphate or the nitrate. 

II. —With solutioifs of hy])ochlorite pre])are<Jby imdhod (1) (s<« 
above), in which only just sufficient alkali was present to prevent 
tlffi odow oyrec chlorine in the solution, many diffej-ent experiments 
showed that sodium chloride accelerates the bleaching action very 
considerably, while sodium suljdiate and .sodium nitrate have little 
or no aetign. In .mme experiments, indeed, the sodium sulphate 
amieared to have a distinctly retarding effect on the bleaching. 
*rhe following are two experiments out of many that were tried:— 

A. Five e.c. of the solution of sodium hypochlorite were used 
ih each case. This was mixed with .O (!.c. of {a) water, (6) 2N- 
■solution of sodium chloride, (c) 2iV-Holution of sodium sulphate, 
(d) 2iV-solution of sodium nitrate. In (ft) the Turk(jy-rcd calico 
was completely bleached in 22 minutes, whilst (o), (c) and (rf) all 
took 3.') minutes. 

B. Same as above, but with a different solution of hypochlorite. 
In (o) the calico was bleached in 30 minutes, in (ft) 20 minutes, 
in (c) 40 minutes, and in (d) .30 minutes. , 

III. —Sodium hyj)ochlorite j)repare<l by method (2) (see ^bove), 
seeing that solutions of bleaching powder arc always strongly 
alkaline, naturally will also contain a cousiderabl^mount of free 
alkali. The solution therefore bleaches very slowly ; but if it has 
been very Ciprefqjly prepared, so that there is no excess of sodR^n 
carbonate, it practically behaves like flie solution prepared by 
method 4. ; its Reaching action is distinctly acce^rated by the 
addition of sodium chloride, while sodium (ulphate^ and nitrate 
have little or n8 effect. If, bowever, in preplring the solution, any 
considerable excess of sodium carbenate is used, this has'almost 
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ihe same effeA as free all^li. The bleaching action ia greatly 
T^ttardeel, and non’of the sodium salts has any considerable effect 
in accelerating it.« * • , • *• * * 

IV.—^hfe solution of sodium hypochlorite pr^^rcd bf method 
(3). behaves in almast exactly the same way as »at prepared,by 
method (1); its bleaching action is greatly accelerated'by sodium 
chloride, and hardly at all by equivalent amounts of sodium sulphate 
an l nitrate. • 

As already pointed out (p. 24), alf the above experiments were 
performed in clos(‘d vessels, .so that air (other than the small 
amount which was 'aiready in the vessels) had no access; there¬ 
fore the acceleration of the bleaching action could ijot hdve bSfii 
duo to carbon dioxide, as suggested by Higgins. 

These additionai <!xperiments amjily confU'm my view as to the 
reversibility of the*a('tion of chlorine on aikalis. 

• • * 

The Action of Garimn Dioxide on Bleochimj Powder. 

Higgins (foe. eit.) also objects to my suggestion that Hie action 
of carbonic acid on bleaching powder is the satne as th#t of othel: 
acids, the carbonic acid decomposing both (he hypochlorite .'wd 
the chloride. This view would be repre.sented by the following 
equations:— 

(1) Ca(OCl) 2 -f H,0 1-COj -CaCO, , 2H()(1 . 

(2) CaClj -f HjO + (iOj = (,'a(J03 + 2H(I. 

(3) 2H0Cl + 2HC1 -= 2 H 2 O + 204 . 

Instead of this, Higgins suggests that the aetinn may be 
represented thus: 

(1) Ca(Oa)2 + H.iO -1- CO.J ('aCOa i 2H()(’J. 

(2) 2HOC1 -f CaClj ^ dOj = CaCOa d H.p + 2C1 

On comparing these it is obvious that there is really very little 
difference belj^en them. Higgins' equation (2) is simply a 
combination of my (2) and (3). 

^liggins’* equation (2) represents what is no ^oubt a complex 
^a^on, and dividing it into two, as I suggest; simpliHes it very 
considerably. ^ As Higgins points out, the reactiiji is the aeversnof 
Williamson’s reactidi^ for the effect of chlorine on water containing 
calcium garlmnate in suspension. , • 
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This also is a complex action, and dpubtless take# place in two 
steps, the lirA being the action of chlorine on wftter (a reversible, 
action), and the^ecqpd the (h>com)>osition of calchiin carbonate by 
hydroohlorfb acid 

(1) 2HjO + 2(J% 2HOC1 I- 2HC1. 

(2) C%C03 + 2Ha = OaClj |- H./) + (lO^. 

I remember* quite well that Williamson, in the 'sixties and 
’seventies of ^ast century, taught, in his lectures, that chlorine acts 
on water in the way represented above. Ho did not say in so many 
words that the action was a reversible one, Imt ho inobahly had 
sufflP a thing jn his mind. He stated in his “ dhemistry for 
Students,” of which the last edition was put)lished in 1873, that 
a solution of chlorme i« wat(<r always contains both liypochlorous 
acid and hydrochloric acid, and that the presenc#ol the latter was 
proHcd lij 'the fact that silver chloride was iwecipitated from it 
when silver ifitrate was added. There is hardly any doubt that 
Williamsoi^ would have offered the same ex|)Ianation of the action 
<>t chlorine on water and oaleium luirbonate as the one suggested 
above. * 
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ihe same effeA as free all^li. The bleaching action ia greatly 
T^ttardeel, and non’of the sodium salts has any considerable effect 
in accelerating it.« * • , • *• * * 

IV.—^hfe solution of sodium hypochlorite pr^^rcd bf method 
(3). behaves in almast exactly the same way as »at prepared,by 
method (1); its bleaching action is greatly accelerated'by sodium 
chloride, and hardly at all by equivalent amounts of sodium sulphate 
an l nitrate. • 

As already pointed out (p. 24), alf the above experiments were 
performed in clos(‘d vessels, .so that air (other than the small 
amount which was 'aiready in the vessels) had no access; there¬ 
fore the acceleration of the bleaching action could ijot hdve bSfii 
duo to carbon dioxide, as suggested by Higgins. 

These additionai <!xperiments amjily confU'm my view as to the 
reversibility of the*a('tion of chlorine on aikalis. 

• • * 

The Action of Garimn Dioxide on Bleochimj Powder. 

Higgins (foe. eit.) also objects to my suggestion that Hie action 
of carbonic acid on bleaching powder is the satne as th#t of othel: 
acids, the carbonic acid decomposing both (he hypochlorite .'wd 
the chloride. This view would be repre.sented by the following 
equations:— 

(1) Ca(OCl) 2 -f H,0 1-COj -CaCO, , 2H()(1 . 

(2) CaClj -f HjO + (iOj = (,'a(J03 + 2H(I. 

(3) 2H0Cl + 2HC1 -= 2 H 2 O + 204 . 

Instead of this, Higgins suggests that the aetinn may be 
represented thus: 

(1) Ca(Oa)2 + H.iO -1- CO.J ('aCOa i 2H()(’J. 

(2) 2HOC1 -f CaClj ^ dOj = CaCOa d H.p + 2C1 

On comparing these it is obvious that there is really very little 
difference belj^en them. Higgins' equation (2) is simply a 
combination of my (2) and (3). 

^liggins’* equation (2) represents what is no ^oubt a complex 
^a^on, and dividing it into two, as I suggest; simpliHes it very 
considerably. ^ As Higgins points out, the reactiiji is the aeversnof 
Williamson’s reactidi^ for the effect of chlorine on water containing 
calcium garlmnate in suspension. , • 
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oommeroial article, as it contained •«<'»« 30 po* cent of fre*fe 

lime. 

• Kopfer si^mmariscd his r^ults as follows ^ 

“ If*to p solutionV bleaching powder, or to the sararfsufistance 
in the dry state, ^ilute mineral aeid, such as nj^ric, hydrochloric, 
or Btdphuric bo added in such quantity as th saturate the caustic 
klime and. to decompose the hy])ochlorite supposed to be present 
according to Gay Lussac's hypothesis, then, on distillation, an 
aqueous Solution of almost clR'mically pure chlorine monoxide is 
obtained, which amounts in the most favourable ease to about 
92 per cent of the chlorine monoxide as corresponding with the 
thnpetical hy])ochlorite." 

* Recently, one of us (see Paper I., |). 5) deseribed a method of 
distinguishing between* hypochlorous aeid and free chlorine, and 
of determining the prop(»rtions of each in a mi?(ture of the two. 
Thanneth^d depends on the fact that, for the same amount of chlorine 
present, the o^cidising action of hypoehlorous acid is twice as great 
as that of Jlree chlorine. To a mixture of tli»^ two substances an 
j^excess of sodium ar.sqjiite is added. The liquid is then divided into 
two equal parts; in one part the amount of arsenite oxidised is 
k^htermined, and in the other the amount of chloride |>roduced. 
The proportions of the two substances in the mixture can then easily 
bo»calculatcd. 

, t In the present investigation tlie above very simple and yet fairly 
accurate method has been applied to a rejietition of some of 
Kopfer’s experiments, extending it also to the action of aoids 
other than those described by him. In all the.se experiments the 
chloride present in the second half of the arsenite solution was 
^determined by Volhard’s method, which is certainly more rapid 
and apparently quite as trustworthy as the one deseribed in the 
former paper. 

The bleaching pow'der used for most of the experiments was a 
fair average sample, analysis of which gave the follcQ^ing figures ;— 
Total chlorine =* 39*05 pc*r <*ent. 

Available chlorine = 34*83 „ 

Total Ume (CaO) , *• 44*8 „ 

et'ree Itroe s 13<l ,, 

AnBuining th^ bleaching yowdciv to consist of calcium chloride 
calcium hypochlorite, then lOO^grams of It would contain 
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ihe same effeA as free all^li. The bleaching action ia greatly 
T^ttardeel, and non’of the sodium salts has any considerable effect 
in accelerating it.* 

IV.—^hfe solution 01 souium nypocmoriwi pr^Mrcii oy mctnoa 
(3). behaves in almost exactly the same way as »at prepared,by 
method ( 1 ); its bleaching action is greatly accelerated'by sodium 
chloride, and hardly at all by equivalent amounts of sodium sulphate 
an l nitrate. • 

As already pointed out (p. 24), alf the above experiments were 
performed in clos(‘d vessels, .so that nii' (other than the small 
amount which was 'aiready in the vessels) had no access; there¬ 
fore the acceleration of the bleaching action could ijot hdve bSfii 
duo to carbon dioxide, as suggested by Higgins. 

These additional <!xperiments amjily confU'm my view as to the 
reversibility of the*a('tion of chlorine on alkalis. 

The Action of Carbon Dioxide on Bleachinef PSwder. 

Higgins (foe. eil.) also objects to my suggestion that Hie action 
of carbonic acid on bleaching powder is the satne as th#t of othel: 
acids, the carbonic acid decomposing both (he hypochlorite !Kwl 
the chloridf!. This view would be repre.sented by the following 
equations:— 

(1) Ca( 0 Cl )2 -f H,0 1- COj - CaCO, , 2H()(1 

(2) CaClj -f HjO + (iOj = (,'a(J03 + 2H(I. 

(3) 2H0Cl + 2HC1 -= 2 H 2 O + 2 C 4 . 

Instead of this, Higgins suggests that the action may be 
represented thus: 

(1) Ca(0a)2 + H.iO -i- CO.J ('aCOa i 2H()(’J. 

(2) 2H0C1 -f CaClj ^ dOj = CaCOa d H.p + 2C1 

On comparing these it is obvious that there is really very little 
difference belj^en them. Higgins' equation (2) is simply a 
combination of my (2) and (3). 

^liggins’* equation ( 2 ) represents what is no ^oubt a complex 
^a^on, and dividing it into two, as I suggest; .simpliffes it very 
considerably. ^ As Higgins points out, the reacticji is the aeversnof 
Williamson’s reactioi^ for the effect of chlorine on water containing 
calcium garlwnate in suspension. 
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intain about 4-3 grams of HOCl per litre; It wijl be observed 
lat with 80 or 90 c.c. of acid the distillate is much stronger, bu( 
cont^s a^cater proportion, of chlorine. < 

Th% fibres ftsurdSenting the proportion of hyjmchlorousteid and 
ilorine in the dntillato are not of much valmj beyond the point 
here 70 c.c. of acid were used, because, ns the amount of fret! 
ilorine.increases, the whole of it is not condensed in the distillati!. 
t begins to esoape about the point referred to, and, as the amount 
■ ^ • 

• 'I’.vni.i-'. I. 


Dl.sriLLATIOS WITH SlILI'inUlU .\lSll. 
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Volume of 
aV.H,S 04 . 

Arpk'iiitt'^ 

('illoi'ltli- 

KvpochItti'ouH 

Ohloi’iiif. 

in c.c. 

oxidist'ti. 

lirotluct-tl. 

ttt-ul, 1»fl 

]M‘r ffui. 

• • 

t 




30 

0-4 

U-2 

loo 0 

0-0 
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40 

• 

68, 

3-45 

07 0 ! 

3-0 


8-05 

4-5 

02-2 

7-8 


9ir> 

4-75 

02 6 

7-4 

> 60 

16-3 

8-85 

84-2 

I5-S 


• 160.') 

8-8 

1 

82 4 

17-0 

70 

24-55 

i 14-4 

TO-.-. 

9 29-5 


240 

j 

73-8 

26-2 

i 

80 

30-6.') 

1 17-55 

74-0 j 

25-4 


31-05 

; 17-0 

1 i 

20-.7 

90 

341 

1 i<j:i.-) 

i 470-0 

24-0 


334 

18-8 

77-7 

22-3 

too 

240 

14-0 

! 71-4 

28-6 


28»5 

17-1 

! 67-0 * 

330 

lEO 

1 1C»15 

8-3 

i 1 

22-3 

77*7 

. O' 

10-75 

8-75 

3 

^ 22-0 



0 
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7-05 

7-25 

0-p, 

<>s6 

1000 


!»•> 

9-36 ; 

* 2 

" 100-0 
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■of acid is furtjier increased, more and more, and finally most of it, 
escapej.* Therefpre, in th8 accompanying curve, tl|f progress of 
the alteration in the reaction is indicated by the gradud diminution 
of the tomount of hypochlorons acid. These? relharks ajl))ly to 
the oases of the other mineral acids as well. 


Tabj.k 11. 


DlSTirXATION WITH H YI>HO<?HTiORIC AciP. 


Volume of 
iV-HCI, 
in o.c. 

1 

Arsenite 

o>cidiMod. 

1 Chloride 
produood. 

! 

Hypoohloroub 
acid, per cent. 

^ Chlorine* 
per cent. 





1 ^ 

40 

4-0 

20 

1000 

«l-0 •' 

, c 

50 

U-2;> 

5-8 

94-0 

j . »•" 


: 11-2 

1 

1 5*7 5 

i 

04'8 

• 

i * 

00 

n-4 

9-5 

83-2 

1 10-8 


1 17-0 

i n-45 

80-0 1 

20-0 

70 

24'2 

14-1 

1 

71-ti 

i 

i 28-4 


24-4 

I 

1405 

73-7 

i • 26-3 

80 

, 29-2.) 

' 170 

72-1 

27-9 


29-3 

17-0 

72-4 

27-8 

90 

27-6 

15*5 

07-3 

32-7 


29-1 

17-25 

08-7 

31-3 

100 

21-05 , 

1305 

05-9 

34-1 

a 

21-3 

13-0 

03-8 

36-2 

120 

9-6 

8-15 

10-0 

83-4 


♦ 75 

i 

7-8 

12-2 

87-8 

(KO 

6-9 

0-9 

• 

0-0 • 

• 100-0 - 


• The irregular way in whieli the free chlorine escapils ia probably one of 
ihe eauaea of tjto obsereed irregularities in the resiilte. 
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Distillatiok with Nmuc Acid. • 
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Volume o{ 
AT-aoid, 
in 6.0. 

^ • 0 ; 

* i* 

Araenr^ 

oxidised. 

Chlorido 
produo 3d. 

_ ■ 

Hypoohloitpis 1 
ooid» pir cent. 

Chlorine, 
per cent. 

20 

01 

1 

1 (*05 

l00-!> 

0-0 

30 

01 

005 

KIC-O 

0*0 

A 

^4'4o 

2-26 

9H‘(t 

2-0 

50 

11-8 

61 

03-4 

6-6 


IM 

5-63 

90-5 

3-5 

60 

17-.5r> 

9-25 

89-7 

10-3 


•l3-5 

7*05 

01-6 

8*5 

70 

200 

11*35 

81-5 

18-5 


22 05 • 

1215 

81-6 

18-5 

i» 

BO 

28-2 

16*1 

75-2 

24-8 


28’8.> 

10-25 

77-5 

22-6 

DO 

,34-5 

20*76 

70-6 

29*4 


36-4 

20-05 

76*2 

23-8 


29-2 

10-8 

73-8 

^26-4 

100 

30-8r> 

21-4 

72-2 

27-8 


38-0 

21-75 

74-7 

25-3 

120 

1 

21-6 • 

1 

1 12-85 

08-1 

31-6 


24-4 

14*1 

1 

73*0 

• 

27-0 

UO 

130 

1 

8*7 

49-6 

60-6 ' 


12-75 

8*9 

43-3 

68-7 

ISO 

1 

7*6 

i 

7*4 

2-7 

97-3 

. 



12-3 

*87-7 


7-85 

i 7-0 

J2-1 

87*9 

• 

ijlo 

71 • 

7-05 

0-7 

99-3 

1 

1 

60 

0-0 

0-0 

,100-0 
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It will 1^ observed that the above results do not altogether 
agrce^ with those of Kopf«r; It is plain that, with an amount of 
acid just a little n^pre thru what is required to ne^trali^ ail the 
free litie„a distillate is obtained whiefl is a modcraiel/conc*ntrated' 
solution of almost pure hypochlorous acid, andifj this Aspect there 
is very little difterepce betwern the three afjtds employed } but 
(t Jld hero is the principal differtnee between our results and those of 
Kopfer) long before the amount of acid is sufficient to decompose* 
the whole of the calcium hypochlorite theoretically prese.r^' in the 
solution (see p. 29), the proportion of hypochlorous tcid has fallen 
to about three-quarters of its original amount, and considerable, 
quantities of chlorine have begun to be evolved. After the^qint 
at which all the hypochlorite theoretically present is decomposed,, 
there is, as would bo expected, a rapid drop in the amount of the 
hypochlorous acid produced, and this dr6p is more rapid in the 
case of the hydrochloric acid than with the other acids, because 
immediately there is an excess of hydrochloric acidj,it decomposes* 
some of the hypochlorous acid, whereas the other acids have first 
to liberate some hydrochloric acid from the calcium chloride presrnt. 

The curves in Fig. 1 rcprcsint the actfon of thp three acid» 
already described. The point where two of them arc qiinost 
horizontal, and in the other an actual lise in the proportion 
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hypoohloroue acid ia shown, is very near where the a|Qount of acfSl 
is just suffici^t to neutralise all the free lime and to decompose 
^ ail the hypochlorite present. 


^ Taui.k IV. 

•Distillation with A<’kti 


Tie Acip. 


Volumo of 1 

A^*acid» j 

in C.C. j oxidisisl. 

4^ 

■ « 

20 

. 
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;io 

0 t ' 

.TO 

0-H i 

00 
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?»► 

! . I.-.;! 1 

HO 

. 18-H 
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• • 

!;♦ 
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20-4.7 
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22 0 

• 

•230 
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2.->:»r> 


2.")-4.'> ! 


200 1 

Uo 

2.70 


2.70 

1.70 

2.7-4 
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• 

}I>']>o(‘hIori>us 
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uckI, ]s*r 

• 
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0 l» 
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7-0 
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HS 0 1 

7-S 

SOI ! 
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i 

70 0 ( 
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81-0 i 

12-37 

7n-M ' 

11 -9.7 

71-1 ! 

13-4 

70-0 j 

14-0 

TO 7 I 

14-4.7 

77 4 

1.7-1.7 

»)S 0 1 

17-1 

72-2 ! 

1 

17-0 

01 0 ! 

17-7 

03-0 1 

I.7-H 

• 

Oo-H 

1.7-8 

03-3 


Chlorine^ 
pir oi*nt. 


0 o 
0 0 


ill 

lo-e 


l!)0 

2!l'2 


21M 


«4'(i 

;i2(i 

27*8 


aoo 

;i7(» 

:i9-2 

36-7 

* 


170 

200 

t 

2.'iO 


27-0 

17-7 

2.7-75 

I.7-.7 

24*50 

1.7-3 

24-« 

17-7 

22-5 * 

1.7-0.7 

23i 

1.7-25 

20-8 

|5-55 


.70-2 

40-8 

04-H 

«n-2 

tMM 1 

39-0 

.18-1 ’ 

j 

41-0, 

40-7 ! 

• 

50-5 

.71-7. 

•4f-4 

.73-.7 

46*5 
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Table V. 

BiaTlLLATlON WITH FhOSPHOBIO AoiD. 


k 

Volumo of 
N-Wiid, 
in o.c. 

< 

oxidised.* 

Chloride 

produced. 

• * 

Hypochlorous 
r.cid, p ^KJont. 

• 

Ohloriae, 
psr ceiit. 

40 

3-4 

1-65 

* 

100-0 

0-0 

50 

iir> 

6-85 

94-0 

•' 6-0 


9-4 

4*9 

- 91-8 

8-2 

60 

15-8 

8-8 

79-5 

•20-6* 


16-55 

8-55 

81-9 

19-1 

70 

2 VO 

12-25 

*71-4 

28-6 


210 

12-25 

71-4 

28-6 

* 

• 

80 

24-85 

14-65 

69-6 * 

30-4 


26-45 

15-0 

69-6 

30-4 

t 

no 

32-7 

19-1 

7t-2 

, 28-8 


30-5 

17-7.-> 

71-3 

28-^ 

100 

32-85 

19-4 

69-3 

30-7 


340.') 

20-2 

68-6 

31-4 

120 

33-2.-) 

20-3 

63-8 

36-2 


320 

19-75 

62-0 

38-0 

140 

29-l.‘> 

18-5 

57-0 

42-4 


301.'> 

190 

68-7 

41-3 

150 

29-4 

18-75 

5GB 

43-2 


30-0 

« 

19-2 

56-2 

43-8 

ho 

24-45 

15-95 

53-3 

46-7 


27*2 

«. 

17-2 

58-1 

41-9 

200 ^ 

24-95 

16-35 

52-6 

47-4 

250 

21-6 , 

14-2 

52-1* 

47-9 


4 21-9 

• 

•14-9 

47-0 

1 • 

\ 63-0 


—- c- 

Tke^aotiou of Ucetic and phoaphorio acid#i8 evidently very 
different from that of the stronger acids. As with those, when 
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tho amount of acid is only a iime more man is requirt^ to ncutralile 
the free lime, |^e distillate is almost purc^ypochlor/ius acid, although 
in the case o^ stcetic acid it i| considerably weaker. As the amount* 
of acidf is incretf^d,’ also, free chlorine begins to be e\tiK^d long 
before the acid i^sitfiicient to decompose the whole of the hypoch¬ 
lorite present. Tift diminution in the annuint of hypoehlorous 
acid proceeds much more slowly thin in tlie ease of the stronger 
acids, and even with so large an amount of acid os 250 e.c. tho 
amoiill^i Hypoehlorous aeidsin the distillate does not fall much 
below 50 per cent. 

The curves in Kig. 2 represi nt the action of acetic ami phosphoric 
aaida. in j^ig. 1, the point where the acid is just about sullicient 
to neutralise the free lime mil to decompose all the hypochlorite 
presint is plainly indiyjited. 

The Action of Horie Acid on Hli(ichin(i hnedtr. 

•. 

.1 Convenient Method of Preimring a Aotution of UypochloroiiK Acid. 

It is Inoun that boric acid lilK-rates hypoehlorous acid from 
bleaching jBiwdcr. <aiuch (Her., 18S5, IS, 22H7) took lulvantage. 

Kio. 2. 



Continaaiu curve —,- 

•Broken ,, -- HiPO,. 


of this for the preparation of some additive nompourtHs hypo- 
chlorous acid. 



BESEABC^ ON BLEACHING FOWDBk. FAST H. 


* ul the twi> constituintB of bleaching powder, boric acid appears 
to be. only able<to decompose to any considerable ^xtent one of 
them—the calciiyu hypochlorite ; so rfihat, when ble«ghin| po»;der , 
is distilleif with boric acid, there is never much fte^hlori^e p/oduced, 
and there is no difficulty in obtaining practicjftly pure solutions 
of hypochlorous acid* 

The best conditions for this purpose appear to be to distil th< 
bleaching powder with about 30 times its weight of water an< 
twice its weight of boric acid. So tong as this proportisjf^f wate: 
is maintained, it makes very little difference as to t^e amount o: 
boric acid employed ; it may even be increased to three times th( 
weight of the bleaching powder. If, however, mujh less wa*ei®ii 
used, more free chlorine is produced. 

If 10 grams of bleaching powder are clistilled with 300 c.o. o: 
water and tny Anouiit from 15 to 20 grams of boric acid, fron 
60 to 100 c.c. may be distilled off, and this will be a'^racticjgjh 
pure solution of hypochlorous acid, giving only a slight immcdiab 
turbidity with silver nitrate. This appears to us to be the simples 
method of obtaining a solution of hypochlorous acid, as any ordinary 
variation in the proportion of acid and bleaching pdwder makei 
little difference in the result, so long as a sufficient amount of ^ate. 
is used, and there is not the difficulty of trying to avoid local excess 
of acid such as occurs when the stronger acids are employed. » 

The solution of hypochlorous acid so prepared ia usually from 
1'6 to 2N/lO, and contains from 4 to 5 grama of pure hypochlorous 
acid per litre. 

The Action of Carbonic Acid on Bleaching Powder. 

In the former paper already referred to (toe. cit.) it was demon¬ 
strated that, as had been stated by other observers (Wolters, J. pr. 
Chz^., 1874 [ii-], 10,* 128; Lunge and Schappi, Dingl. Polyt. J., 
1889, 273, 63 ; Dreyfus, BuU. Soc. chim., 1884 [ii.], 41, 600; von 
TiesenHolt, J. pr. Chem., 1902 [ii.], 66, 612, and 1906 [ii.], 73, 301), 
when carbon dioxide is passed through a solution of bleaching 
^pc^vder, oV over the moist solid substance, no h^pocMorous acid is 
evolved, but only free <!hlorine. At first sight it appears remark¬ 
able tfiat tli^re should be 8uoh*a wide difference between the action 
of two such weak^oids as boric and carbonic acids as is indicated 
by the^resv^ts described above.. It m^jet be bomefo mind, however, 
that the conditions under yhioh the two acids were experimmiW 
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Hrith were widely different, particularly as regardsi temperature, 
ind we iind«that under similar conditions, carbon dioxide aots^ 
practioaSly^i}i*the same way as boric acid. V ^arbon dioxide is 
passed thT()ugh a«o|ution of bleaching powder which is Iftpt boiling 
Qontinuously, almost pure hypochlorous acid ^ivcn off. The 
experiment succeed^, best if the carbon dioMde is bubbled fairly 
rapidly through the mixture of bleaching powder and water (in the 
same proportion as used in all the other experiments, namely, 10 
grams^^Mc^ching powder to .100 c.c. of water) from the beginning, 
whilst the liquid is being heated, and then the distillate collected as 
soon as the liquid boils vigorously. The yield of hyiwhlorous acid 
i^9t nearly ^ good if the liquid is heated first, and the carbon 
dioxide led in as soon as it boils. Doubtless the reason for this 
difference is that, whan the carbon dioxide is bubbling through 
whilst the liquid is being heated, it is gradually^emoving the free 
litae, BO ymt it is free to act on the calcium hy|)nchlnrite by the 
time the liqifld is boiling. 

The effect of passing carbon dioxide through a mixture of 
bleaching powder ai^d water at different temperatures was tried, 
with the relults given in Table VI. 

• ]?i each experiment the mixture of 10 grams of bleaching powder 
and 300 c.c. of water was heated in a flask to the desired tempera- 
tu*e. The carbon dioxide was freed from hydrochloric acid by 
|»ssing it ov«r wet glass wool. It was not passed through from the 
commencement, but only when the desired temperature was reached. 
The resulting gases were passed through 2.') c.c. of iil/ffO-arsonite, 
and the proportion of hypochlorous acid and chlorine determined 
’u the usual way. 

Tabi.k VI. 


Tempore- 
ture of 
mixture. 

Araenito 

oxidised. 

Chloride 

produced. 

• 

Hypochlorous 
acid, p'lr cent. 

! 

Chlorii^, 
por cent. 

Deg. 

1 


1 


30 

8-75 

K-3 

6-3 

94-7 

40 


00 

16-5 

84-6 

.W 

I0'2 

8-75 

, 16-8 

83-4 

,60 

8-95 

7-4 

20-0 

7»1 

70 

10» 

7-36 

30-4 

60-6 

80 

11-45 

8-05 

42-2» 

87-8 

90 

e-6 

. 8-7 

58-2 

•4i-8 

100 

9m - 

10-3 

. ! 

90-7 

0-3 
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As will be.8een from the^ table, hypochlorous acid (mixed with a 
large proportion ef free chlorine) begins to come off |s soon as the 
liquid becomes y/jenh, and the proportion steadily iitqpeastfs as the 
temperitul’e rises, until when the liquid is sit JlQ0° a|molt pure 
hypochlorous abicj is evolved. (In the experflnent at 100° the 
liquid was kept as nbarly as possible at thaFtemperature. ' Not 
being pure water it did not absolutely boil. As pointed out above, 
if the liquid is kept actively boiling all the time the carbon dioxide 
is passing through, practically pure«hypochlorous acij w^volved.) 

We venture to submit that this remarkable difference in the 
action of carbonic acid at diffssrent temperatures affords strong 
evidence in favour of Taylor's view that the actiOn of carbonic 
acid on bleaching powder in the cold is the same as that of other 
acids, the carboyc acid decomposing botfi the calcium chloride 
and the hypochlorite, and the resulting hydrochloric and hypo¬ 
chlorous acids decomposing each other, with the lib#ratior^f' 
chlorine. The solubility of carbon dioxide in wafer diminishes, 
as the temperature rises, and at the boiling point of .water it is 
Itractically nil, so that at that temperatures the amount of true, 
carbonic acid (HjCO,) present must be almost infinitesimal. 
Consequently, at the higher te>mperaturo it, like boric acid, erfn 
only decompose the calcium hypeichlorite in the bleaching powder, 
with the result that pure hypochleirous acid is evolved. Further 
(and this, of course, is of some importance), whilsf the liquid 1% 
actually bailing, the hypochlorous acid is removed frean it practically 
as fast as it is produced. The results of our experiments at different 
temperatures, as expressed in Table VI., indicate the gradually 
diminishing amount of true carbonic acid which can exist in the 
water as the temperature rises, and the solubility of the carbon 
dioxide diminishes. ^ 

Ihe removal of the hypochlorous acid from the solution as fast 
as it is< produced is also an important factor in the action of boric 
acid on bleachi-ig powder. As described ^bove, when bleaching 
powder solution is boiled with boric acid, pure hypochlorous acid 
Is 'driven off, but the action is very differerfl at«the ordinary 
temperatur*. 

t 

In the followii\g experiments 3 grams of bitching powder were 
rubbed with 100 o.e. of wate^, and ,6 grams of 4x>rio acid added. 
Through this mixture air, |ree from carbon dioxide, was babbled, 
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arid the issuing gases were passed through JV/lO-arienite, witlithe 
following regults:— 


•1 

- 

Ari«*iyt>o 

oxMifvd. 

■ —•- 

Chlorido 

prodmvd. 

1 ' ■ 1 ■ 

j HypochlorouH i 
j acid, p('r ' 

cent. 

I 

5-0 • 1 

i 

1 

r i 

ii7 , 

2 

(i'llo 

• 

L- 

1 

l • 

:.s 1 

lU 


The experiments took about 24 hours to produce (lie oli.seried 
amount of oxidation in tlie arsinite. 'I'liis nieims that (lie action 
^ tery hlowtas compared with the action of earhon dioxide at (he 
ordinary temperature. 'I'his, together with the faet tluit not pure 
chlorine, but a mixtuic of chlorine and hypoclilorous acid is evolved, 
leadsus to the conclusion that horio acid at tlie ordinary temperature 
^loes noj hot on bleaching powder ui the same way as earlioiiic .icid 
and other aJids. The slow evolution of clilorinc we attvihute to the 
fact that, the boric acid simply unites with the free lime, and so 
enables the reversf^ action to proceed, as described in (he former 
pager (he. cit., p. 15). The hypochlorous acid which aecompanies 
' the chlorine is doubtless duo to the action of the boric acid on the, 
calcium hypochlorite in the solution. (It must be home in mind that, 
in all experiments where chlorine and hypochlorous acid are swept 
^ out by pasiting air through a liquid, the chlorine, being much less 
soluble in water, will bo swept out more readily, so that the 
proportion of hypochlorous acid actually piesint in Iho liquid is 
certainly greater then the numbers indicate.) 

The results of the above two experimints are somewhat similar 
to those in Table VIII. in the former paper (p. 18), which were 
obtained by passing air, free from carbon dioxide, through a 
solution of bleaching powder which had fusn first exposes! to air 
in order to remove the free lime. The addition of boric acift, even 
in considerable quantity, is simply equivalent to exposing the 
bleaching powder solution to air for some time ; ^cre is apparently 
no action of the boric acid on the calcium chloride inithe solution. 

It is hlrdly'necessary to point out^that if any other acid’be 
added bleaching powder solution in quantity juM suXeient to* 
unite with the ffee lime, the effect of afterwards passing sir free 
from carbon dioxide through the, solution wi& bo similar to what 
is described above. Experiments wqjre made with hydrochloric and 
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niftic acid, \yith the former the air free from, carbon dioxide 
swept out' a mixture of 86 per cent of chlorine and per cent of 
liypochlorous acid.,artd with the latter £6 per cent of*()j^oriho and 
25 per c^t bf hypochlorous acid. One would e the projwrtion 
of chlorine to b^gfeater with hydrochloric acid ftian with nitric, 
because if in adding iHie acid to the bleachijl^ powder solution 
there is at any time a local excess of acid, the former is more likely 
to produce free chlorine than the latter. 


Summary. 


(1) When bleaching powder, mixed with 30 times_ itg wejghi. 
of water, is distilled with sulphuric, hydrochloric, or nitric acid 
in quantity slightly greater than is required to neutralise the free 
lime present, hypcsehlorous acid mixed with a small quantity of 
free chlorine is evolved. When the acid is in sufficient quantity to 
neutralise all the free lime and to decompose the ^holb of tllc 
hypochlorite theoretically present, the proportion of free chlorine is 
considerably greater. When the amount of acid is further Increased 
the hypochlorous acid produced rapidly diminRhes, and very soon 
nothing but chlorine is evolved. There is not a great differ««ice_ 
in the action of the three acids named. 


(2) Acetic and phosphoric acids behave much alike, but thqjr 
differ considerably, as would be anticipated, from tha three acids 
above mentioned. Even with comparatively large amounts of these 
acids the proportion of hypochlorous acid evolved does not fall 
much below 60 per cent. 


(3) When bleaching powder is distilled with boric acid and a 
sufficient amount of water, almost pure hypoehlorous acid is 
produced, and there is very little difference in the result if the 
boric acid used is as mucfi as three times the weight of the bleaching 
powder. This is recommended as a convenient method of preparing 
a solutioif of hypochlorous acid. 


(4) When carlfeon dioxide is bubbled through a mixture of 
bl|iaoting piwder and water at different tempergture|, whilst at 
the ordinary temperaturesnothing but chlorine is evolved, as soon 
*a8 the liquid Womes warm hyjJochlorous acid begins to'Vome 9S. 
The proportion of hypochlorous acid increases as the temperature 
rises, tni *rfien the liquid boils.it is practically ptre, hardly any 
free chlorine being evolved. • It is suggested that this is strmi^ 
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evidence in favour of Taylor’s viewjthat the actjpn of oarbdKic 
acid on blei^hing powder at the ordinary temperature is like that 
of othSr aBids. 

(6^ W^en bofiij^acid is added to a solution of Ueaclfin^ powder, 
and air free froA carbon dioxide is passed throji^ at the ordinary 
temperature, a raiSfure of chlorine and hyjiochlorous acid is swept 
out, containing a considerable excess of the former. The boric acid 
simply unites with the free lime, and this allows the reverse action 
to proce«(^ free chlorine brtng produced. If any other acid is 
added to a solution of bleaching powder in (piantity just sufficient 
to neutralise the free lime, the passing of air free from carlKUi 
^iriltidc*thw)Hgh the solution gives a similar result. 



IV. 


THE ACTION .OF BLEACHING AGENTS ON THE 
COLOURING MATTER OF MNEN. 

(From the Jmimal of Ihe Society of Dyers and Colonrmts, UIL2.) 

In a paper recently published (Journ. Chem. Soc., 1912, p. 222), 
S. H. Higgins describes an experiment in \ihieh he e<)mparedjth||, 
bleaching action of chlorine water and a solution *oV bleaching 
powder of the same strength, as far as oxidising power was con¬ 
cerned, on similar,samides of boiled unbleiftihcd linen, immersed 
for a considerable time in the solutions. He found that the linen 
was bleached very much more rapidly in the latter glutton thSR 
in the former. Similarly, when he produced the solution of chlorine 
water by adding an excess of hydrochloric acid to a selution of 
bleaching powder, tliis also showed the .same ainuparativoly feeble 
bleaching action on the unbleached linen. He also states fchat 
“ boiled cotton cloth, on saturating with bleaching pojvder solution 

and with chlorine water, was found to show a similar distinction.” 

• 

I have repeated the experiments as described by }liggins, and 
I find that, as he says, a solution of bleaching powder bleaches* 
linen very tnuch more rapidly than chlorine water of the same 
strength does. But with cotton, if the experiment is performed in 
exactly the same way, the result is very different, the chlorine 
water acting upon it much more rapidly than the solution of bleach¬ 
ing powder. It would be inferred, from Higgins’ description, that 
ho had peifoimcd the axperiments in the same way, but possibly 
“ saturating with bleaching powder solution and with chlorine 
water ” if ay moan some other method. 

Prom these JAperiments Higgins draws the remarkable con¬ 
clusion tha^ chlorine is a much less active bleaching agent than a 
sAuluon of a hypochlorite, and he concludes lhat S.he “ small 
bleaching poeier of chlorine water is probably due to the ^senc^ of 
some h 3 ipoohlorous acid in the solution.” He ifttributes also the 
bleaching action of a solution of a hypochlorite m%inly to the free 
kypoohlorous acid which it may contain. 
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I have latterly made a, uuiiBiuerttuie iiumuer oi cxpenmbntoton 
the bleachine action of chlorine, hy]tochlorous^ aci^, and various 
solutions (^hypochlorites jin different colouring matters, such eis 
turkej red, indigo,«ind the colouring matter of %nbloa(dt<Mf cotton. 
Some tillfe ago»I*oxpressed the opinion that, ^ntrary to what 
is ‘generally believed, chlorine is usuaUy Inore active as a 
bleaching agent them hyixichlorous acid, and I may say that'I am 
not yet inclined to alter that opinion. Consequently I was greatly 
surjffiSBc^hon I read the account of Higgins’ comparative experi¬ 
ment withiinbleached linen. The fact that chlorine there behaves 
so entirely differently from the way I had always found it to act 
»nclpced,me ^ try some further experiments. Thi'si' ox|MTiments, 
I may say at once, have led me to the conclusion that the colouring 
matter of unbleached linen, whatever it is, is (juite abnormal in its 
behaviour with bleaching agents, and entindy different from ov<*ry 
other kiijd of colouring matter that I have ex|K'rimi'nted with. 
T do n<A knjw whether such an essential difference has ever lieen 
suspected before, but there appears to bo no doubt of the fact. 

Not (inly has free chlorine practically no effect on this colouring 
matter, bift it is equfilly unaffected by a solut ion of pure hy pochloroug 
aoifl. A piece of unbleached linen immersed in the latter remains 
brown practically as long as it docs in chlorine watiT of the same 
qxidising strength. But if a small quantity of any alkali bo added 
to the solutions, they both bleach the linen just as Higgins found 
the bleaching powder solution to do. Apparently what is required 
in order to bleach linen is a hijpochhrite., and not citheiafreo chlorine 
or free hypochlorous acid ; or if the latter do act it is in conjunction 
with the hypochlorite, which must be present. 


I have carefully investigated some of the conditions under 
which this bleaching action takes place, and have obtained results 
which, in some respects, are somewhat anomalous. Thus, if it is 
the hypochlorite only which bleaches, it would be expected iJhat the 
bleaching action would take place best when the amoui^ of hypo¬ 
chlorite present was greatest, and the amounWif free chlorine or 
hyiKiohlorous acid least. But this is not quite the^case, as the 
following ftcperftnents show. I used a solution of chlorine iif wtAer 
o{ such# strength that 10 c.c. reqiiired ft c.c. of N/iO thiosulphate^ 
after addition of^potassium iodide, so that the chlorine water was a 
little strongej than decinormal and contSined A26 grams of 
chlorine per litre. Eight rffeparafe portions, ewh of 5(f c!o., <rf this 
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BohitioA were token, and to these were added different quantities of 
a solutipn of iv/1 godium hydrate. Numbering the synples one to 
(Sght, to the first wa» added 1 o.o. of tjje godium hydf^^ solution, 
to the second 2 o.o., and so on, so that in eaohHljf^number ?)f o.o. 
of the sodium h^ate solution added eorresponSeff to tffo number 

of the sample. 

• 

Representing the action of the chlorine on the sodium hydrate 
by the following equation : 

2NaOH + Clj si NaCl 4 NaOCI + HjO, 

50 0 . 0 . of the chlorine water would require 6 e.c. of the sodium 
hydrate to give the equivalent amounts represented by the eguatjp);^ 
This was the amount added to sample No. 6. 'But, as the 
action represented above is a reversible one, this solution would 
still contain some (free chlorine, so that th8' greatest amount of 
hypochlorite and the smalhist amount of free chlorine ^would bo 
contained in samples 7 and 8. Into each of the solufionS similar^ 
pieces of boiled unbleached linen were placed, and in about half- 
an-hour it was plain that the bleaching was jkroceeding most rapidly 
in No. 4. No. 5 was almost as white, but in caeh«dircctionirom these 
two the bleaching action was slower and slower. Now samples 
Nos. 4 and 5 contained, in addition to sodium hypochlorite, a 
considerable amount of free chlorine, so that the rate of bleaching 
evidently does not entirely depend on the amount of hypochlorite 
present. < 

I have shown in previous papers (see pp. 10, 20) that the action 
of ohloriuo on alkalis, being a reversible action, is reversed by the 
addition of chlorides to the solution, especially if very little free alkali 
is present, producing free chlorine, so that, in the case of colouring 
matters other than that in unbleached linen, this addition of 
ehlorides considerably Accelerates the bleaching action. It is 
interesting, therefore, to consider, from the point of view of the 
reversibil^y of the action referred to, what would be the probable 
effect of the addit^m of chlorides in the bleaching of linen. Clearly 
it wiU not be the same as in the bleaching of other colouring matters. 

feT&e, for example, the sample No. 4 in the expA-imeXts referred 
dto abovec This contains sodium hypochlorite with a certaii amoupt 
of free ehlorme. The addition of a chloride—A>mmon salt, for 
example—to«this wfU partly reverse the action, (^minishing the 
amount 8i hypochlorite present, bnd in’ereasing the amount of free 
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ohlorine—making it, in fact? more like No.*3. Thug the* a 4 idi%n 
of salt in this case ought to diminishAhe bleaching action. This 
is exac|ly w%at it docs. Fresh mixtures wjre’made of chlorina 
water and Ac&npi Ijydrate similar to No. 4. To%mo a qpn^derable 
quantity etcomigox salt was added, and similar pic^s of unbleached 
linen were immersed in both solutions. In halfsnf-hour to an hour 
the linen in the somtion to which the salt had been addedt^was 
qjjite distinctly less bleached than the other. On the other hand, 
whaWiughtdo be the effect of adding a chloride to the mixtures, say. 
Nos. 7 an^8 ? Clearly the addition of the uliloride would again 
diminish the amount of hypochlorite, and produce a certain amount 
fjee chlorine, making the solution, in fact, nmre like those lower 
down in thS scries. This ought to stimulate its bleaching action, 
and again this is exactly what it doiis. Mixtures were pn^parnl 
similar to No. 7. A*considerable ({uantity of^commou salt was 
added to one, with the result that this solution bleached the linen 
’distinctly more rapidly than the other. 

Seeing, then, that the addition of a chloride to the solution 
sometimes stimulates and sometimes retards its bleaching action 
> on linen, ij naturally follows that, under some conditions, it will 
hav# little or no effect at all, and 1 have found that lulding common 
salt to the solution has generally much less effect on the bleaching 
of linen than on the bleaching of other colouiing mattors I have 
eUperimcnted with. 

•• A series of experiments similar to those above described were 
tried with a solution of hypochlorous acid, using differ^t amounts 
of sodium hydrate, in order to lind, as in the. experiments with the 
chlorine water, the point at which the bleaching appeared to be 
most rapid. The solution of hypochlorous acid was almost of the 
same oxidising strength as the chlorine water used in the former 
experiments. But, as hypochlorous acid has an oxidising power 
twice as great as its neutralising power, oi3y half the (|uanty,ios of 
sodium hydrate were used, as compared with the solution of chlorine. 
Again the quantities of alkali were so regulated that No? 0 in the 
series of eight samples was the one to which u'ai^added the amount 
of sodium jjydrf^o w'hich just satisfied the equation : > 

HOCl NaOH ^ NaOfl + H,0. 

There is no dffubt that a solution of sodium hy|fochlorite is to 
some extent hy^olyscd, so that the solution !fo. 6 wqpld certainly 
contain some free hypochlofous atid. When the bleacliiAg power 



4S 


THE ACTJOH OF BLEACHING AGENTS^ ET«. 


o{» these solutions was testea d; putting in tbe pieces of boiled 
linen, the resuft wm found td be very similar to the one with chlorine 
evater—the bleaching proceeded most rapidly in Nos.jJl and4, both 
of whiA n»ist haift) contained, in addi&on to spdii*m liypochlorite, 
a considerable i^nount of free hypochlorous aciH.« •• 

I am quite unf&miliar with the processes u^d in the bleaching 
of lisen as it is usually carried on, but the resutts of the experiments 
I have described above are well worthy of the attention of thqjie 
engaged in that industry. It is plain,that, as I have already stated, 
the colouring matter of unbleached linen is quite abn^ual in its 
behaviour to bleaching agents, and it appears to me that methods 


and processes which are jierfeotly suitable for the blearing ^f cqj^tqj) 
will not always be the best for the bleaching of linen. * 


It would be interesting to know whether there exist any other 
natural colouring snattors which act in the lame way with regard 


to bleaching agents as the colouring matter of linei\. Further 
investigation may possibly show that linen does noj stdnd aloiSI * 
in this respect. 



V. 


THE ACTION OF IsLEACHING AGENTS ON VARIOUS 
NATURAL COLOURING MATTERS. 

(From the Jottrnal of the Sociii;/ of /h/cru and Colonriil*, 1914). 

•In.% pa^)o»^jblished in tliis Journal in 1912 (see p. 44), entitled 

The Action of BleiKhiiiH Agents on the Colooring Matter of 
Linen, attention was d^iwn to tlu* fact- that the eohniring matter 
of unbleached linen was not completely bleaehecT eitlior by free 
•jhlorino or^by hyi)oeliloroiis acid, but that a hypochlorite must be 
present if the ^incn is to he su(iee.s.sfully blea<died. Experiments 
were described in wliich dilTirent amounts of alkali were arlded 
to equal quantities of ejjlorine water, and pieces of boiled unbleached 
Imen jilaecd'in them. It was found that bleaching i)rocoodod 
most ra|)idly, and was most eomphde, when the amount of alkali 
added to the chlorine water was not (luite sullicient to complete 
the equation :— 

, Clj + 2NaOH ^ NaCl | NaOCl )- H^O, 

so that the solution contained not only sodium hypochleritc, but 
also some free chlorine. Similar results wer<! obtained with a 
solution of hyjmchlorous aci<l ; this also bhsiched linen most 
rapidly and comjiletely when it was nearly, hut not ([uite, neutralised 
by alkali according to the equation : 

HOCI -t- NaOH - NaOCl |- «jO. 

This solution contained sodium hypocldorite with some free 
hypochlorous acid* 

•This pticuiiftrity of linen witii n-s]»tiot to tho notion of oiilorin>» upon it 
was first pointed out by S. II. l[ig|;ins {Journ. Chem. »S'oc., 1012, p. |22). But 
he failed to porcoive that it was a ixiouliarity, and ourno to tho rumurkable 
oonoiu|ion tha^holorino, notwithsti.nding its woll-knoMrn bloaohir(|' properties, 
is generally only a voryifooblo bloaohing ngont, oxcopt when in what he calls 
a ** nasoont ” state, the exact moaning of wliich it is difiltult to gpthor. 
attributed, and apparently continues to attribute, all bloaohing profoAies of 
chlorine and bleaching powder solutions to f|po hypochlorous acid. There 
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Until tiu# apparently qpite abnormal behaviour of the colouring 
matter of linen'to bleaching agents was pointed cgtt, it was ous- 
toma^ to takOctfie results of bleafthing experinSfeicts mth puoh 
colouring maf^rs as turkey red and indigo’^s'leiia^^p guides to 
bleaching actibt^ in general. But it is now quite plain that in 
estimating bleaching actions the nature o^^tho colouring matter 
must be taken into account. Thus, in the case of the colouring 
matters just mentioned (turkey icd and indigo), Jhey are'both 
rapidly bleached by free chlorine'and by hypochloiy.as acid, and 
hardly at all, or at any rate very slowly, by a solution of a hypoch¬ 
lorite which contains Uttle if cny free chlorine. In the experiments 
referred to above, whore increasing amounts of aMeali wereSdhbd 
to chlorine and to hypochlorous acid, the bleaching action of the 
solutions so obtained upon turkey led, and indigo depends 
absolutely upon the amount of free chlorine or hypochlorous acid 
present, so that the bleaching action is greatest Jbefore 
addition of any alkali, and becomes less and less as more alkali 
in proportion to the chlorino or hypochlorous acid is added. 

With regard to the action of chlorine and of hypochlororjs 
acid upon the colouring matter of linen, it is a mistake to say that 
they have no action at all upon it. Exjrerimr nts show thal when 
boiled unbleached linen is placed in a solution of chloine or ol 
hypochlorous acid they do act upon it to a ceiiain point •,■' but 
beyond that point the remaining colouring matter is dischargqc 
very slowly indeed. There is practically no difference between the 
two bleaching agents with regard to the rate of, or the extent of 
this llecching action. The subsequent addition of a small amount ol 
alkali (which must be as nearly as possible the right amount) t< 
either of the solutions causes the bleaching action on the remaindei 
of the colouring matter to proceed until the bleaching is more oi 
loss complete. 

'■These experimimts appear to show that there are two kind 
of coUiuring matter in unbleached lim n. While these two colourin| 

docs not appear to bo any juBtifluation for Buoh a oonolusion. 1 pointed on 
in, the pafer already roforrod to that hy]K)ohlorou8_aoid bohavos with th 
oolouring matter of linen almost oxootly ob chlorino does; it docs not bloaol 
it oofnplotcty until it is partly. noutraligod. I have tricd'.a groat,, man; 
exporimonts'on tlie comparative bleaching activitici' of chlorine and hypo 
chlorous acid, thocjotails of which I hope to publish shortly, and I bav 
come >'o<the conclusion that chlorine is dcfinitoly and nearly always a mor 
active bleaching agent than hypochlorous acid. 
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matters may in most respects be like each other, they are differant 
is their behaviour to chlorine and hyjibchlorous.acia. Onq of the 
two is almost^ unbleached those agents, but is bleached by art 
alkaliiK hypoel^pri^. The other is bleached :%p^Iy by fhl(nine> 
or hypoeWbrons #d!d, but very slowly by a hypochlorite. 

The action of chlorine and hypochlorous itcid upon the colocring 
matter of cotton is deceptive. (Distinction has usually to bo made 
^IHivccn American and Egyptian cotton. The latter, as is. well 
kno'vfii, is rjiuch darker in colaur than the former ; that is, it con¬ 
tains much more colouring matter. Ajairt from the difftnenco in 
amount, there does not a()poar to be any essential diff ronce in 
iJie natuae q^he colouring matter in tho two kinds of cotton). 

The moment unbleached cotton is placed in chlorino water or 
in a solution of hypochkarous acid, the bleaching begins, and proceeds 
with much greater rapidity than is the case with linen. Tn a com- 
isarativelg Short time the cotton appears to b(i white. I'ntil recently 
the author v^as under the im|)iessi<in (as moat people are still) 
that chlorine bleaches cotton completely. But this is wrong. 
There is a small re.'gdual amount of colouring matter in cotton 
whio^ is not destroyed either by chlorino or by hyprashlorous acid, 
even by prolonged contact. It is bleached, however, by a solution 
of a hypochlorite. So that cotton, like linen, apparently contains 
tw« different kinds of colouring matter with similar characteristics 
jip those in IBien. The great ditfennee between cotton and linen 
is in the proportit.ns of the two different kinds of colourjpg matter. 
Linen contains a com[)urative.ly large proportion of that kind which 
is not bleached by chlorino or by hypochlorous acid, while cotton 
contains a much smaller proportion.* 

, The natural colouring matter in jute also appears to be of the 
same nature. It is very dilFicult to bleach completely, but it shows 
the same characteristics os linen. The bleaching action of chlorine 
and hypochlorous acid on jute proceeds to a certain point rgtd then 
stops ; but when an amount of alkali not quite efficient to com¬ 
plete the action on tho chlorino or hypochlorous acid is added, the 
bleaching acyc.n once proceeds much further. 

— 7 -*---~ 7 ;---•—•- 

*T[n 1871 Ej Sohmyk {Manchetter Lit. and Phil. Soe. pp. 9S-128) 

pointed out that twopistinot hinds of colouring matter wore dissolved out from 
ootton by boiling itSwitb a solution of s^a-ash. Ho referred {b^ly notion 
of blesohing agents on one of them, but notion the other. 
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• It Is perfectly plain, then, that the bleaching action of chlorine, 
etc., ppon su^ natural colfluring matters as those described above 
■is very different from their action oi^ indigo and ijPjj^ey'red, for 
instan% r**hen^e ?t is quite misleading to drajv ^foite inferences 
as to rapidity, ^etc., of bleaching action froii either *df the two 
classes of colouriitg matters. In the case o^ indigo and turkey 
red,* as pointed out above, the rapidity of bleaching depends 
absolutely upon the amount of free chlorine or hypochlorous gptd 
present, and anything which would, increase that afimunt 'would 
stimulate the bleaching. But this is evidently not the case with 
the other colouring matters. 

There is one point, however, in which the two olas|^Js of^colo^iriog 
matters are almost alike, and that is in the groat retarding influence 
which alkalis, when in excess, have on the bleaching action. In 
former papers this has been jxiinted out a^ain and again, and in 
all bleaching operations it must bo borne in mind. Tlje rctardiim 
influence of an excess of alkali is even greater wii,b Mdigo ana 
turkey red than with the natural colouring matters of linen and 
cotton, but even with the latter it is very considerable. 

Apparently, then, the best bleaching solution for boAh linen and" 
cotton is one which contains little or no free alkali, but ratiier a 
slight excess of chlorine or hypochlorous acid. In order to illustrate 
this, the following experiments (out of many which have been 
tried) may be described. Six separate portions, eajh 50 c.c., of 
chlorine water were taken, and to live of these were added differertP 
amounts of a solution of N/l sodium hydrate. The chlorine water 
was approximately decinoimal. Numbering the samples from 
1 to 6, sample No. 1 consisted of chlorine water alone ; to No. 2 
wore added 2 c.c. of the sodium hyd”ato solution ; to No. 3 were 
added 3 c.c., and so on, so that the last had 6 c.c. of the sodium^ 
hydrate added to it. ,Tho chlorine water was of such a strength 
that*No. 5 contained the exact amount of sodium hydrate required 
by tho equation :— 

2Na0H + Clj ^ NaCl + NaOCl + HjO. 

As the acljon represented thus is a reversible one, this solution 
VouTd still contain some free chlorine, so that tl!e grektest amount 
of bypochltWte and the smallest amount of chlorint* would be 
contained in No. 6. ' 

Into eaoh of these solutions samples of boiledbleached linen, 
EgyptUn Rtifl Amftnnrti nottrn wnrft ■nlfto.fHl. Tn onfl 
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experiment, in which the time of bleocjiing was twoshours, NosTs 
and 4 w^ere bjjfar the host in the case of the piece* of linen, ahd also^ 
quite )]IainI^ Jhe best in tfio case of both Hinds of ijottvn. In 
another pjqpiscl^similar experiment, only contininCl for six hours, 
in the ease of linen No. 4 was distinctly the b^jst^, while with the 
two kinds of cotton It was dillicult to ehoo.se^letwaam Nos. 4 aqd 5. 
^ji all the cases, howev(‘r, No. 1 (free ehlorine) and No. 0 (eontaining 
a ^sidcral^o amount of free alkali) were distinctly the worst. 
(Samples sliowing tho results A the.se e.\p(‘riments were exhibited). 

Exactly similar experiments with hypoehlorous acid gave very 
ymilar rceul^. In this ease again No. I eontained fieo hypo- 
:hloruus acifl, which was of such a strength that No. 4 eontained 
3xactly sufficient sodium hydrate to unite with it. Experiments 
lasting, again, two anH six hours respectively wjto tried. In tho 
jase of tho limut No. 2 was distinctly the best in both ex|M'riments, 
h'hile with both kinds of cotton it was difficult to disiwiminato 
betwern Nos. 2, .3, and 4. In all cases, again. Nos. I atul 0 weio 
the worst. (Specimens showing the residts of these <!xj>eriments 
•were exhib^ttxl). 

TSio results of these (!xperiments show pretty clearly what are 
the conditions to aim at in bh^aehing with a solution of bloivohing 
powder. The latter always contains a lamsiderable amount of 
free lime, some of which, of course, dissolves up when tho solution 
s»f bleaching powder is prepared, and thisfris'. lime must eonridorably 
retard tho bleaching a<!tion. 11 the free lime can lx; rergovod, then 
conditions mor<! or less similar to those in tho experiments described 
above will bo realisial. Of course, the ri'rnoval of free lime is per¬ 
fectly simple. One method would be to add more chlorino to tho 
• bleaching jmwder solution, and this method acts ix^rfectly well on a 
small scale, but although ehlorine is a mgio available substance 
at the present time than it formerly was, that is hardly a prantjpable 
method. Another metho<l would be to luuitraliso the frcr^lirae by 
the addition of an acid—say hydrewhioric acid._ Of course, tho 
addition of various acids to solutions of bleacliiing powder has 
from time time been recommended, but if such 4 procass jg 
practised at all it is certainly not universal. 

To obtain goo^ results by the addition of an acid to bleaching 
powder solution^ho thing would have to be done v^ carefully 
indeed. The addition of too largo a quantity of acid*vK)uld be 
probably worse than adding none, and it may easily have occurred 
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tifat, where axperiments tetve been made in this direction, the 
Jesuits* will have Been too irregular to inspire any eonhdcnqp in the 
method. , 

A number of experiments on the addition* o], aoid*ni varying 
amounts to solufions qf bleaeliing powder have been made, in order, 
if possible, to realise the conditions which I ha^e pointed out would 
bo best. For some time the results were very irregular and uns^i 
factory, simply bceausc the exiierimenter had failed »io tak«t into 
account what ought always to bo borne in mind when using solutionf 
of bleaching powder. The fact is that the amount of free limt 
which a solution of bleaching powder in water wiiycontain ^anj 
hence the amount of acid required to neutralise it) depends not or 
the bleaching strength of the solution, but upon the way the solutior 
has been made. jJime is very much less soHible in water than th< 
other constituents of bleaching powder, so that if different amounti 
of bleaching powder arc stiiTcd up with equal amounts ‘of wate^ 
the absolute amount of lime dissolved in each case will be approxi 
mately the same. In all eases there will be practically a saturatec 
solution of lime, whereas the quantity of the more solubje blcachin) 
constituents will be much greater in some cases than in others. « Thi 
proportion of lime to the bleaching constituents will be muel 
smaller in the stronger solutions than in the more dilute. 

Thus, bleaching powder ground up with 100 timps its weigh 
of water produces a solution from 1 dog. to l^deg. Tw., anc 
approximately dcoinonnal in its oxidising strength. The sam< 
weight of bleaching jiowdcr with ten times its weight ot wate: 
(1 lb. to a gallon) gi\es a solution about 10 deg. Tw., and approxi 
mately normal. Kqual volumes of both (clear) solutions wouk 
contain approximately the same amount of free lime. If thi 
stronger solution rvere,diluted with nine times its bulk of water 
it would be of exactly the same oxidising strength as the diluti 
solution f made directly, but it would only contain one-tenth a 
much free lime, j^hich would only require one-tenth as much aci< 
to neutralise it. Such a dilute solution, prepared by diluting i 
qiucX stronaCr solution, is by itself more active sn blaaching thai 
, the onft ma(fc directly. In the^casc of two pieces of (urkey rei 
calico, whieh'had been immersed for 20 hours hf solutions exactl; 
such as thoqp just described, the one which had ba^ in the diluted 
down sOlttion was almost completely bleached, while the othe 
was hardly touched. A corisiderable difference was also observ^ 
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wjth two pieces of linen whiSh had been immcrsca tor som* ut^e 
in the same solutions ; and yet the two !4>lutions were loth solutions 
of bleacfhingji^wdiT alone, arid both of exactly, the same bleaching • 
strength.* 

Taking Ml iiias into account, aivl es|K'citdly it we know the 
amount of free limojire.sent in the solution,, thore* is no dilliculty 
in preparing bleachulg solutions which, judging from the rusults 
m my experiments, ought to be most suitable for bleaching, either 
in tnl- case dt luien or cotton., 

A strong solution of bleaching powder was made, standing at 
10 deg. to 11 deg. Tw. It was appro.xim.itely a normal solution. 
Uhe^lea^solltion was diluted with live times its volume of wati'r, 
which reduced it to ho deg. to h" deg Tw., and the oxidising 
strength to iY/10 ■ I o. Seven sopar.de portions (oO c.tc) of this 
solution were taken, flumhered 0 to (i, and dilVri'id amounts of 
A^/10hydrochloric acid added to six of them (I c e. of aeid to No. 1, 
c.c. to Ifo. 2,and so on. No. 0 having no aeid added) The amount 
of free lime originally ))resent in tln^ st rong solution was determini'd. 
anxl it was sucdi that it wotdd he almost exaidly lunitraliseil in No. 3 
•Solution. I’ieces of 4inen, Kgyptini cotton, and .American Cotton 
weretplaccd in each solution and h tt then! for three hours. 

In the ease of the linen. No. 3 w.is distinctly the best hleaidied, 
and the result was the same with the Egyptian cotton. With 
the Am irican cotton No. 4 was the best, and No. 5 was almost 
^s good. It is plain, howi'ver, from tliis experimant that if this 
method of adding acid to the bleaching solution is adi\(ited it will 
have to be done with care and disendion. As a guide to anyone 
who may wish to try this on a largiw .scale, it may bn poiuti'd out 
that the amaunt of acid to be added works out to half a pint of 
• ordinary commercial hydrochloric aeid to IIK) gallons of the diluted 
bleaching liquor. This would be the am lu^t for linen or Kgyptian 
cotton ; for American cotton about one-third more woi^d be 
required, as in this case there appears to be a rather wider margin 
as to the amount of acid which may safely bo added. 

No experiments have been made with acidi^^ither than hydro¬ 
chloric acir^ TlwJrc appears to be no reason at all v^y on» acid 

'•I hove found,^inoo writing tho ubove, that whnt I l«ivo stat'sl with 
regard to the maki* of bleaching solutions in dillcront jrays and thoir different 
bleaching actions ■/^cn so made, was poipted out by W. Kind irfl^K^fDeutrcAc 
Farberzeitung). 
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Should de Better tlian anotber, and ordinary eulphuric acid migi^t 
probably be tised instead fcf hydrochloric acid. In that caae the 
fquantity required fqr 100 gallons of tjjie bleaching Ij^jjor Vl^ould be 
6oz. ft 6oz. (J)y*weight) or 3oz. to SJoz. by ijieasure of strong 
oil of vitriol. Whichever acid is used, it should be diluted with 
water first, and the bleaching liquor should b^ well stirred while it 
is being added. 

Of course the results just described were obtained with^if^ 
particular sample of bleaching powdfr, but while therl is no fiioubt 
that bleaching powder varies somewhat in composition, it is pretty 
certsih that a solution of the strength described made from any 
specimen of bleaching powder which was not really /fqo qld wouM 
have pretty nearly the same composition as the one used. It 
would in all probability contain the same proportion of free lime, 
and that is the mast important point. * 

These experiments were carried out on a very smalj, scale, an^ 
it does not always follow that operations which ifre successful 
in the laboratory are equally successful in the works. But investiga¬ 
tion on a larger scale, carried out on the lines suggested in this 
paper, would in all probability have valuable results."' 

Note. —Since the above paper was read, at the suggestion 
of Dr. Knecht further experiments have been tried in order to 
ascertain whether the alkali which, when added to chlorine wajer 
or hypochlorous acid in exactly the right amount Increases the 
bleaching action, acts itself upon some of the colouring matte" 
which the fblorinc or hypochlorous acid were unable to bleach. 

Some pieces of linen, Egyptian cotton, and American cotton 
were immersed in chlorine water for 18 hours. They were then 
cut in two, and portions of each washed out and immersed in a very 
dilute solution of sodium hydrate. The other portions were 
immersed in an ordinary dilute solution of bleaching powder, 
in wlych solution the bleaching proceeded considerably further. 
In the d^ute alkali, however, there w-as no further bleaching ; if 
anything, the pieces became darker. Plainly, the alkali does not act 
itself upon the colouring matter, but only the hypochlorite which 
it produces tfhen added to the chlorine water or hypochlorous acid. 
A^, if^cottqp is boiled*with water merely, instead of with an 
alkaline solution, the subsequent action of chloriite, and of chlorine 
plus alkali, u^n it is practically the same. 



VI. 

A RAPID* METlIOD OF DETERMINING CHLORIC ACID 
AND CHLORATES? 

the Journal of the. Sorieltj of Dijrru and ColouriMs, 1016.) 

If soihu dilute hydi'ochloric acid is added to a solution of, say, 
potassium chlorate to which .some potassium iodide has Im'cu added, 
?the* iajio^^bcration of iudiiu' for some tinu'. But afts'r a while 
the solution turns yellow and ultimately brown, owing to the 
gradual liberation of iodine, Tlie following equation reprtwnts 
the change which ultmiately occurs : - • 

-KClOa + 6HC1 )- OKI = TKCl | 3HjO 1 61. 

The rate atVhich this decomposition procmls dc'pcnds upon the 
amount of hydrochloric acid in tlm solution, and if that amount 
is quite s^all the n'uction will not j)rocc''d to completion. The 
cha^jgo is accelerated by a rise of temperature, and one well-known 
method of determining chloric acid and chlorates is by heating a 
mixture such as the above, containing a moderate amount of 
hydrochloric iKod, in a scaled bottle, to the temperature of boiling 
(Water for a Considerable time, and then rletcumining tlu^ amount of 
iodine liberated by titrating with thiosulj)hato in the usual way. 
But if a large excess of hydrochloric acid is addl'd to sueli a mixturo 
of chlorate and iodide, the reaction finishes at once or within half 
a minute, and the chlorate is completely decomposed, with the 
liberation of a corresponding amount of iodine. This fact is the 
basis of the method proposed for the rapid determination of chloric 
acid and chlorates. In carrying out the process there is added 
to the solution in which the chloric acid or chlorate is to be deter¬ 
mined, and to which a sufficient amount of potassium iSdide has 
been added, from one and a half times to twlRc its own bulk of 
concentrated hydrochloric acid. The hydrochloric - acid ^whioh 
one usuaUv obtains is so strong that the ^quid to whiA it is addid 
becomes ^rceptibly warmer, and doubtless this rise pi temfierature* 
accelerates Jhe (Composition of the chloric acicl. It has bisen stated 
that reliable tnrations with thipsulphate cannot Be ,i^rformed 
in solutions containing a large auqpunt of free acid. But no 
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diSicul^ is experieiiced provided that the titration is performed 
as rapi(Jly as possible, and fhe solution is diluted with about half 
fts volume of water before titrating. 

.Tn order to Beep down as far as possible the^otil Volupie of the 
liquid, it is best ^o use the solution containing tRe chlorate to be 
determined of sucii a Concentration that nob more than 10, or 
at the most 20 c.c. of it need be used for each experiment. For th^ 
same reason also the potassium iodide required is bMt addejj^in 
the form of a few crystals of the solid*, rather than in solution. 

This method has been thoroughly tested with solutions of 
pure chlorates of known strength, and with unifor^j^ily accurate 
results. It has also been used in the course of somft iflvesflga- 
tions on the decomposition of solutions of hypochlorous 
acid, which contained both hypochlorous* and chloric acids. 
In those experiments the amount of available material was 
usually small, and it was found possible to economfea this by 
determining both hypochlorous acid and chloric acidTin the same 
portion of the solution. The hypochlorous acid is first determined 
by adding pot.assium iodide and a few droirs oj dilute hydrochloric 
acid and titrating with thiosulphate in the usual way. Theft to 
the same liquid is added about twice its volume of concentrated 
hydrochloric acid, when there is a further liberation of iodine due 
to the decomposition of the chloric acid, and this is fuidther titrated 
'■ for the amount of chloric acid present. 


Determination of Calcium Chlorate in Bleaching Powder. 

This method may be used for the determination of the amount 
of calcium chlorate in bleaching powder. In this case also the 
hypochlorite {“ available chlorine ”) and chlorate may both be 
determined in the sam^ portion of the solution. But, as pointed 
out aBove, it is very desirable to keep down as far as possible the 
total bulk of the liquid to which the large excess of hydrochloric 
acid has to bo ad^od. A considerable volume of thiosulphate is 
usual^ reqimed in determining the available chlorine, and when 
afterwards strong hydrochloric acid has to be adJed t<f the extent 
•of twins the Volume of tfie solution, and this again to tie diluted 
somewhat before titration, the liquid becomSs inconveniently 
bulky. Furthermore, it has been found in numewus experiments 
that when done in this way^the results are not so uniform as is 
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(teBirable, bo that it is preferable to make separate determihatiwu 
of available chorine and of calcium chforate. 

•ThaproifesJ recommendSd is as follows : 'fhg btoaciiing^mwder 
is grounds up wfthAvater so as to make a solutioit containing 20 
grammes per litre ; 10 c.c. of this are used fj^r«dctermining the 
available chlorine iA the usual way by adHing ]>otas8ium i^ide 
Vid a little acetic acid and titrating with docinormal thiosulphate. 
ThAil 10 c.(k more are taken for tlio determination of available 
chlorine and chlorate together. A few crystals of ])ota8sium iodide 
are added, and when these are quite dissolved 20 c.c. of concentrated 
jjiydrochloric%acid arc added, then a little water, and the solution 
titr^S ^ Tjefore. The difference between the amounts of thio¬ 
sulphate used in the two ex])e.riments represi'iits the amount 
of chlorate present, tlf the number of c.c. in^this difference be 
represented by N, then N x 0'804 gives the percentage of calcium 
Chlorate in* the bleaching jK)wder. 

It is necessary to point out that the amount of calcium chlorate 
usually present in bleaching powder is very small, so that the 
’ difference ietween ihe volume of thiosulphate solution required 
in the two separate determinations will frequently amount to 
leas than one cubic centimetre, and will seldom be more than two, 
so that the determination of the chlorate cannot be done with very 
great accuracy. But the same objection applies to other methods^ 
"ijf determining chlorate in bleaching powder, unless it is jwssiblc 
to use much larger quantities in the determinations. 



VII. 


THE EFFECT" 6F LIGHT ON SOLUTIONS OF 
BLEACHING POWDER. 

(From tho Journal of the Society ofDyers and Colourists, 1917). 

It is well known that bleaching powder deteriora^ps somewhat 
rapidly when kept, whether in tho solid state or in solution." 

In 1886 and 1888 {J. Soc. Chem. Ind., V. 687 and VII. 188) J. 
Pattison described some experiments on th; changes which solid 
bleaching powder undergoes when kept in casks and in bottles 
at tho ordinary temperature, and also at temperatureS tof 70°F.*’ 
and 80°P. He found, as would bo expected, that at the latter 
temperature the change was more rapid than at the ordinary 
temperature of 60°F. Thus, while bleaching powdep at 60°F. 'j 
lost 17 per cent of its available chlorine in 12 months, at 80°Fethe 
loss in the same time amounted to 47 per cent. Pattison, how¬ 
ever, makes no mention in those experiments of the conditions 
18 regards the admission or exclusion of daylight. 

About tho same time G. Lunge and L. Landolt published a® 
somewhat comprehensive paper entitled “ An Investigation into 
She Modes of Formation, Properties, etc., of certain bleaching 
Agents (hypochlorites) ” {Journ. Soc. Dyers and Coi., 1885, pp. 281- 
287), in which they described some experiments “ on the changes 
which bleaching solutions undergo on keeping.” In these experi¬ 
ments they used solutions not only of bleaching powder but also 
of the hjrpochlorites of magnesium, zinc and aluminium, which 
they prepared by the interaction of tho sulphates of those metals 
with solutions of bleaching powder. They described three sets of 
sxperiments, in which the solutions were kept (o) in closed vessels 
in the dark, (i) in open vessels in the dark, and {c),in cl(j^ vessels 
in ^diffused dkylight. Th^y found considerable difierenijes in the 
behaviotir of t^e different hypochlorites under some of tjiese oon<fi- 
tions, but these diff@renoe8, while of some theorelii^ importance, 
do not pa^fiiularly concern us^at tjie present tune. But the 
experiments with bleaching Rpwder solution were of considerable. 
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ifteiBst, an<r the lesuita, a8*they pointed otit at the tuii% 
of great practical importance. The solutiona wer^ analysed at 
interval of Mro or three d^s, and it was fqpnd that, wlule tha 
solbtiofl kept in j^e^dark in closed vessels romaiiled^lmast Without 
loss of stfekgth tot nearly a month, that which was exposed to 
difihised daylight began to change almo.st a^ oncd^ and ultimately 
' lost a considerable amount of its available chlorine. The solution 
kept in an open vessel in the dark naturally lost strength mote 
rapiJtly thanMhat in the clo.scd vessel. No mention is made of the 
kind of open vessel used (that is, the extent to which air would have 
access to the solution), but there is no doubt that under thos 
•irciynstanc^ the rate of change of the solution would depend 
mainly upon the amount of air having access to it. 

It is not quite clear, in these ex|)erimont8 of Lunge and Landolt, 
what were the exact*8trengths of the solutionr they used (they 
pimply stq^x) that a concentrated solution of bleaching powder 
was mixed wth an equal bulk of water), and, while they state 
definitely that Series A were analysed at intervals of three days and 
Series B at intervals of two days, no mention of any time is made 
*with regard to Serie? C (solutions exposed to diffused daylight). 

'fhe experiments described in the present pajxjr were started 
before I was aware of Lunge and Landolt’s ox|)crimonts. As will 
be seen, they confirm their general conclusions in the main, but they 
extend over a much longer time, and I am able to add some informa¬ 
tion as to the character of the change which takes place in the 
solutions. 

Three series pf experiments wore made, nami'ly :— 

A. Solutions kept in stoppered bottles in the dark 

B. Solutions in stoppered bottles ox|X)sed to diffused daylight 

on the laboratory shelves in a ro(yn not over well lighted 
by windows on one side. 

C. Solutions in stoppered bottles standing in a windoi^, exposed 

to diffused daylight during the greater part of the day, 
and to direct sunlight for a few hours sunny days. 

In eaclt series of experiments three different ^oluticftis 
bl$aohing*powder were used, namjly :— 

No. I.—60 gfcmmes of bleaching powder in a litre of water, 
equal to half a pound to a gallon of #ator, givinit a solu¬ 
tion about 6 deg. Tw. 
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. Ntb II.—10 gramineB of bleaciiiiil powdei in a lilte of wat^, 
squaf to four-fifths of an ounce to a gallon of water, giving 
t solution i^om 1 deg. to 1J ^eg. Tw. 

No? III.—No.*I. solution, after standing #ill»wciw, UliUbCU IV 
one-fifth of its strength with water, tins giviJlg* a solution 
practically the same strength as No. JI., but which would 
contain much less free lime than the latter. It was 
assumed and, as will be seen, correctly, that the aiwunt 
of free lime present would.,make some diffJtence in the 
stability of the solution. 

The series of experiments A and B were started at ^e beginning 
of July, 1916, and the last observations wore madeoOik-.^'c^beP 
8 th, 1017, so that they extended over 16 months. Series C 
were started on July 18th of the present year (1917), and continued 
to October 9th—4bout 12 weeks. 

.At irregular intervals, short at first but much longer afterwards^ 
smaU measured quantities of the solutions were ta^'ten, and the 
available chlorine determined, after adding a little potassium 
iodide and a few drops of dilute hydrochloric acid, by means of a ^ 
decinormal solution of sodium thiosulphate. (No. I. bbing rather 
a strong solution, only 5 o.c. were taken for each determination 
of the available chlorine ; with Nos. II. and III. 10 c.c. were taken 
for each experiment). « 

In a paper read before this Society in 1916 (see Paper VI., p. 67), 

I described a method for the rapid determination of chloric acid 
and chloratts. I showed that if, instead of adding a small quantity 
of dilute acid to a solution of a hypochlorite (such as bleaching 
powder) to which .potassium iodide has been added, a considerable 
volume, amounting to at least twice the volume of the liquid operated 
upon, of concentrated hydrochloric is used, the whole of any chlorate 
which may be present iscomplctely decomposed, with the liberation 
of a Corresponding amount of iodine. Subsequent titration with 
solution of thiosulphate will then give a measure, of the total hypo¬ 
chlorite and ohlora(j(j present in the solution. By subtracting from 
this the amount of thiosulphate required for titration of the iodine 
liberated by *^6 addition of dilute acid (due to hypochlorite alone) 
^e amount m chlorate in' the soljjition is found. This is^a reliable 
method for determining the amount of chlorate^ in a^'sample of 
bleaching po^eder, afid has been employed in the experiments now 
described ks a means of ascertaining the kind of reaction which 

o 
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qocan in those solutions in ^hiohthe oalcinm hypoohlorite«un4?r- 
gpes any change. 

It b, qt bourse, well l^qown that solutions of hypochloritea 
change very rajtidly when heated, and there Soe% noh aj^lear to 
be any ddhbt that the change which occurs is essentially that 
represented by the ^Uowing equations :— 

3NaOCl = NaClO, + 2NaCl 
3Ca{OCl)j = Ca(C 103 )j -1- 2CnClj 
(juite recently the mechanism of the conversion of sodium 
hypochlorite into chlorate at a tempernturo of SOT. has been 
investigatee^by F. Foorsteraiul P. Doloh {Zcilsch. EliXtrochem., 1017, 
23,l8(h>14f). They conclude that the change takes place in two 
steps : first, the conversion of hypcK'hlorite intoehlorite and chloride 
(2NaOCl = NaClOj 2NaCl), the chlorite then reacting with 
hypochlorite to produce chlorate and ehlorido*(NaC10j 4- NaOCl 
> = NaCiP^ + NaCl). There is also some evolution of oxygen, 
which they attribute to the Bim])le decomposition of hyi)ochlorite 
into chloride and oxygen (2Na()(4 =• Oj |- 2Na(3). 

The results of experiments are shown in the following tables. 
Coltimn 1 gives the times whieh elaj)S(!d between tlm separate 
observations. Column 2 the amount of thio.sulphate required for titra¬ 
tion of the iodine liberated by tho addition of potassium iodide and 
dilute hydroehloric acid (representing tho amount of hypochlorite 
present in^ho solution), and CVrlumn 3 tho thiosulphate requireii^ 
after tho addition of potassium iodide and concentrated hydro¬ 
chloric acid, which represents tho oxidising power W the hypo¬ 
chlorite and chlorate together. By subtracting tho numbers in 
Column 2 from those in Column 3, numbers arc obtained which 
indicate the amount of chlorate present in tho solution, from which 
can be inferred the amount of hypradilorite changed into chlorate. 
These numbers are given in Column 4. 

If tho change which tho calcium hyi)ochlorit« undergeWs were 
entirely what one may call the normal change (the conworsion into 

chlorate according to the equation 3Ca(OCl)j =^a(C10j), -j- 2CaCI]), 

then the total oxidising power of the solution would remain 
unchanmS. lie figures in Column 3 represent tho^tal *idl|ing 
^wer S the solutions, and iUwill b* observed iiat ifi all % 
experiments ly which the solutions underwent 4ny change tlm 
total oxidisin/power diminished to a greater 8r lessej extent, -ThiB 
was due to an actual evolution of oxygen, which alw^r#occurred. 
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Series A.t 

SoLDTipN No.H. grms. bleaching powder in a litre of water, kept in 
t the dark). ^ 


- 

1 

Timo. 

• 

2 

4 

Y)ilrfto HCl. 

3 

Gonoontrated 
HCl. • 

Difference 
between 3 and 2. 


23-85 

24-9 

1-05 

3 days 

2.3-7 

24-9 

• 1-2 

6 

23-8 

* 24-8 

1-0 

10 „ 

23-6 

24-7 

1-1 

17 „ 

23-0 

24-7 

f 1-1 

3 months 

22-25 

23-65 

,- 1V;„ 

B » 

21-65 

23-25 

1-4 

10 „ 

20-6 

22-4 

1-8 

11 

20-4 

22-2 « 

1-8 

12 „ 

^ 20-2 

22-1 

1-9 

16 „ 

18-6 

20-7 





r 


In this solution tlio loss of liypoclilorite amounted to 22 per cent. Of 
this only 20 pur cent was converted into chlorate, 80 pe^ cent being lost as free 
oxygon. * ^ 

Solution No. 11. (10 grms. of bleaching powder in a litre of water, kept 
in the dark). 


In this solution there was practically no change at all duripg tlie whole 
of the 15 months that it was kept. The first and the final figures only are given. * 





Time. 

With Dilute HCl. 

With Concentrated HCl. 


9-7 

10-35 

15 months 

9-56 

10-15 


Solution No. Ill. (the clear solution No. 1. diluted to oneofifth of its volume, 
kept in the dark). 


As in Solution No. II. there was practically no change. The first and 
final figures only are 


*■ 'Time. \ 

WjJh Dilute HCl. 

-r- u - 

With Concentrt^d HCl.^ 





9-4 

S. 9-9 

16 montlyi. ® 

9-3 

10-03 

V C 

* 


( 
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Sbrikh B. 

^I.UTI*N JJo.g (50 grm«. bloMhmg powder in a H^re’of water, kept in 
(liHuNed daylight). 


1 

2 

3 c • 

4 



Concentrated 

Difference * 

Tiiiio. 

Diluto HCI. 

HCI. 

lH*twoon 3 and 2. 


23-5 

24-.'> 

1 

2 days 

23-5 

24-4 

09 

•*» M 

23-4 

24-5 

M 

10 

22*0 

24-3 

It 

’17 

22:» 

24-1 

1-0 

3 mouths 

17-4 

231 

5*7 

0 

10-3 

23’1 

0 -H 

10 

l»0 

220 

t 90 

11 

12-3 

22-5 

10>2 

,12 . 

11-0 

22 r . 

10*0 

lO 

8-4 

21 7 

13-3 


I 


Loss of hy|)otihlorio --•(►4 jmm’ S» pir of whieli was uonv<M'tod 

into clXorate. 


Solution No. II. (10 grtns. l>leaohing powdt‘r in a litre of wat<*r, k('j>t in 
diffused daylight.) 


Time. 

1 Dilute HCI. 


1 9-46 ! 

2 days 

9-4 

5 

!)-3 

10 „ 

9-2 1 

17 „ 

8-9 

3 montlis 

0-9 

0 .. 

6-6.5 

10 

(1-0 

11 .. 

.->15 

12 „ 

4-7 

15 » 

_ • 

34 


Xa>sb of hypochlorite = 04 per i^nt, 
into chlorate. 


3 

Coneeiitrat^Mt 

HCI. 

1 

1 Difference 

1 hi'twoen 3 and 2. 

1 

9*9 

1 

0-46 

9-9 

; 0-5 

9-9 

: 0-0 

9-8 

i U'6 

90 


90 

1 2-1, 

8-9 

j 2-25 

8-75 

i 2-76 

8-5 

1 3-36 

S-5 

: p-8 

8-0^ 

» 4-6 

0 ^ which 09 par 

cent wA *o%verted 
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8o|UTIOW Ko. III. (solution No. L dilutedCbo one-fllth of its volume, kept 
I in difused daylight). ^ 


• 

. . 

Time. 

-.t.. -- 

.* 2 

Dilute HCI. 

• 3 

Concentrated* 
HCI. ^ 

* 

• 4* 

* « • 

0 * Difference 

jbetwcnif 3 and 2. 


* • - 

^•1 

9-08 0 

0-58 

6 days 

8-9 

9-6 

0-6 

12 „ 

8-6 

9-3 

0-7 

3 months 

69 

, 90 

'> 31 

6 „ 

6'36 

8-6& 

3-3 

10 „ 

4-36 

8-55 

4-2 

11 „ 

33 

8-26 

4-96 

12 

2'9 

8-2 

,, 6.* ■' 

16 

i-or. 

7-7 

6-05 


Loss of hypoohloUte = 82 per cent, of which 7l) per cent was con^wrted 


into chlorate. 


Series C. 


Solution No. I, (60 grms. bleaching powder in a litre of water, exposed to 
diffused daylight with intermittent direct sunlight). 


1 

Time. 

, 1 

f 2 

1 Dilute HCI. 

3 

Concentrated 

HCI. 

i * “ 

Difiereuco 

1 between 3 and 2. 


1 20-3 

22-3 

' 2 

7 days 

! 17-7 

22-6 

: ' 4-9 

12 weeks 
t 

! 4-8 

18-25 

1 13-46 


Loss of hypochlorite -- 70 per cent, of^which 74 per cent was converted 
nto chlorate. 


Solution No. II. (10 grms. ble^hing pow'der in a litre of water, exposed to 
disused daylight with intermittent direct sunlight.) 


t 

Time. 

2 

Dilute HCI. 

3 

Concentrated 
HCI. ] 

4 

Difference 
between 3 and 2. 


8-7 

9-8 

0 1-1 

^ 7 days \ 

6-9 

8-9 

e2 

> 12 %eekB 

c 

0-^ 

5-6 j 

(.1 

6 

0 


----- 

liOsa of hypochlorite ~ 94 per cent, of which 48 per cent was converted 
into chlorate. ' 
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poLUnON No- in. (aoltttion fto. I. diluted to oae-fifth of itf voliBne. 
expoeed to diiTueed doylight with intetmittent direot |9unligh<iJ, 


• ] 

Time. • 

1 

2 

• / 

• Dilute HCl. 

• 

3 • ; 

Conoentrateil 
HCl. 

« 

-• 

. . *• 

Di£fero&oe 
between 3 and 2. 


• 8-2 

905* 

0-8S • 

7 days 

70 

8-6 

1-6 

12 weekly 

01 

• 

6.8S 

6-70 


Lobs of Iiypoohlorito — 90 piT cent, of whicli 60 per oe>t was converted 
into chlorate.^ 

*FrrTfnBii^ljihii>iM"'i of gas were observed ascending in the solutions, 
especially on shaking, and an excess of free oxygen could always 
be detected in tho an at the top of the bottles when they had 
remained closed for any considerable time. As mentioned above 
Jp. 63), IJoerster and Dolch, in their experiments with sodium 
hypoohloritepfound that oxygon was always evolved, and I have no 
reason to doubt that their explanation of this—tho decomposition 
^of some of the hyjK)chlorite into chloride and free oxygen—is 
correct. There does not seem to be any great regularity in the 
extent to which this loss of oxygen occurs in the various solutions, 
but, curiously enough, it was relatively greatest in the strong 
solution of bleaching powder which was kept in the dark, and that 
solution, of all the solutions which changed at all, changed the leasts 
*But it must be borne in mind that a number of catalytic agents 
will cause bleaching powder to give off oxygen, andPit is quite 
possible that small quantities of one of these may have been present 
in the solutions. 


It will be observed that, in the solutions in Series B, where they 
were exposed to diffused daylight, the rate of ‘decomposition was 
very irregular, the amount decomposed Muring one interval of 
thr^ months, for example, being much greater than duriBgthe 
next similar period. This irregularity was due to th^ varying 
amounts of light during different periods of tte year. The period 
of three months during which a comparativmy small amount of 
decomposifSon t8ok place was in the winter time, vlien for dagrs 
or weeks'in succession very little daylight was experi^ced in 
Manchestei^ 

In a former^ paper which I read before this Sooietjj cgi “ The 
Action of Bleaching Agents on varioqg Natural Colouring Matters " 


Is^‘ 


Tl pB 
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(aeeiPapSr VI.)> I attention to fbe diSerent behavionr of t 
wlntionsiaf bleaching powder of the same strength, but prejMured. 
in diffopnt ways. ^Bleaching powder ^always colit&B a ,very 
considerable'amoWt of free lime, and, as this iij by far the least 
'gsoluble of its constituents, any given amount of watA’, wlftn shaken 
with varying amounts of4>leacbing powder, while, dissolving different 
quantities of the bleaching constituents, will always dissolve the 
same amount of lime (unless the quantity of bleaching powder 
used be very small indeed). So that a solution of bleaching powder 
prepared by diluting a stronger (clear) solution with water will 
naturally contain relatively less free lime than a solution ef the same 
oxidising strength prepared by simply stirring up the. rq:"’iii,ite 
amounts of bleaching powder and water and allowing the solution 
to tend till clear. 

i * 

The solutions numbered II. and III. in the experiments now 
described stand in this relationship to each other. They«are both 
approximately of the same oxidising strength, but No. HI. solution, 
prepared by diluting solution No. I., only contains one-fifth as much 
free lime as No. II. In the former paper referred to above it was 
pointed out that of such solutions the one containing the smajjter 
amount of free lime bleaches considerably more rapidly than the 
other, and I felt confident that this same solution would also be 
more liable to decompose than the other. Reference to the tabled 
‘teowing the experiments in Series B and C will show that this was 
actually the case. In Series B, while Solution No. II. lost 64 per 
cent of its aVailable chlorine, Solution No. III. lost 82 per cent j 
and in Series C, while Solution No. II. lost 94 per cent. Solution 
■ No. III. was practically completely decomposed. There is no 
doubt that the proportion of free lime present in a solution of 
bleaching powder has considerable influence on its stability, as well 
as on its bleaching activity. 

In Ihese experiments, the results obtained in Series A appear 
to me the mMt remarkable. I certainly never anticipated that 
solutions of such a ^ognisedly unstable substance as bleaching 
powder could be kept, under any circumstances, for 16 months 
wi&out unde^oing any decomposition at all. ll woi3d almost 
appear that, i^the dark, dilute solutions are practically everlasting. 
On the other hand, w^y the strong solution (which, After a^, was not 
very oon^ijtMted) should partly decompose, while Vhe two dilute 
solutions remained unchanged^ is ^fiici^t to understand, unless, as 
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already suggested, the string solution may bare oontained a g^nail 
amount of some catalytic agent whilh would rausf the d^rnpod- 
tionZ»It^sl 4 o worth noting that the pretence of much or litHe 
free lime has influence on the stability of^lutions ke'^t in the 
dark. ’ % , * . 

As to the practical technical importappe of the results of theso 
experiments, I can only repeat what Lunge and Landolt said with 
reference to the results of their experiments : “ It ui, therefore, 
of great irSportancc in keepyig bleaching solutions for use to preserve 
them from the action of light.” 



VIII. 


NOTES ON HYROqHLOROUS ACID AND CHLORINE, 
WITH COMPARISONS OF THEfR BLEACHING 
ACTION. 

• 

(EVom the Journal of the Society of Dyers and Colourists, 1922.) 

f 

The hypochlorous acid used in the following experijne^^Atras ' 
prepared by distilling bleaching powder, mixed with 30 times its 
weight of water, with twice its weight of boric acid, as described 
in a former paper <see paper No. III., p. 3f). The solution of 
hypochlorous acid so obtained is generally about N/lOxI'6 in 
oxidising power, and contains about 4 grms. of the p^jre acid per 
litre. 

The solution is quite colourless. When kept, it is fairly stable' 
in the dark, but decomposes more or less rapidly in presence of 
light in ways previously described by several observers. In bright 
sunlight it soon turns yellow, and oxygen is slowly evolved. In 
ordinary diffused daylight two samples lost 63 per cent and 87 pep 
s^t of their oxidising power in five and six months respectively. 
Another similar sample kept in the dark lost 28 per cent in five 
months, while still another, kept sealed up in a small flask in the 
dark, lost only 50 per cent in six years. 

. During the decomposition of hypochlorous acid, chloric acid 
and hydrochloric acid are always produced, together with some 
oxygen and some chlorine. The decomposition probably proceeds 
In the first instance as fdllows, corresponding to the well-known 
change W hypochlorites into chlorates and chlorides— 

3H0Cl=HC10a-!-2HCl. 

But as soon as any hydrochloric acid is produced in this reaction 
it WQuld^ immediately react with some of the hyptichlofbus acid 
, liberal chAnine. This is prob^^bly what takes place & direct 
sunlight, when there is a manifest liberation of (i^oriifb, which 
is not the oase^in ordinary daylight with an acid ofthe strength 
described.' ' 
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Deean^mition of HypOthlorom Add in presence of Sffve 


N Urate 


'~When a solution of hypochlorous acid yitliaone o. 

silver nitr^, oifl/a slight milkiness is observed at first, but tiiit 
soon increases, and a curdy white precipitate of ^ilver chloride begun 
to form, which corilinues to increase. The decomposition of the 
hypochlorous acid proceeds quite rapidly under these conditions 
The ohang# which takes place is that represented by the equation 
given above (into chloric and hydrochloric acids), but the inunediatc 
removal of the latter by the silver solution greatly stimulates the 
..dec^positfon. The change is almost complete in a few hours, 
althra^ a little hypochlorous acid usually remains at the end of 
24 hours. The greatly increased rapidity of decomiwsition ol 
hypochlorous acid hy the immediate removal gf the hydrochloric 
acid formed suggests that the action is a reversible one : 

3H()(11 . > HC1()3 +2HCI. 


Experiments were made to ascertain if there is any indication 
of hypochlorous acid being formed by the action of dilute hydro- 
ohltfric and chloric acids on each other, but the results were al 
negative. It has been shown, however, by Foerster (J. Pr. Chem., 
1901 (ii.), p. 141), and Sand tZeit. physicall. Chem., 1904, p. 465), 
tliat the action is a reversible one, so that the accelerating action 
• of silver nitrate is quite explicable. * 

This rapid decomposition of hyjMiclilorous acid ii^ presence of 
silver nitrate is interesting in connection with the fact that long 
ago Dancer (J. Chem. Soe.., 15, p. 477) gave a method of preiiaring 
hypobromous acid by the action of bromine water on a solution of * 
silver nitrate, the action being represented as follows:— 

AgNO, -|-Brj+H20=AgBr-f HOBr+HNO,. 

Similarly, there is no doubt that hypochlorous acid ig produced 
when chlorine water is added to a solution of silver nitrate, but this 
hypochlorous acid decomiioses so rapidly in Hresence of the excess 
of silver nitrate* that this action could not be suggested as » means 
of preparing the acid. 

This oftnsidyable difference in the behaviour df hypochiorous 
and hypobromous acids in presence of a lolution of silver ie 
remarkable. Under these Conditions the latter acid i# touch the 
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dole B^le of the t>to. If bromine^water is shakei?’m> with a 
Buffisdent quantity of silverjiitrate solution and the liquid filtereft 
Jhom the precipitated silver bromide, it remains oleaij,for (ji^, j^d 
gives all tjie ^stsrlor hypobromous *aoid. But this ^oes'sKwly 
decompose, and, if the solution is kept for a longVi^e, silver bromide 
gradually separates out, forming shining crjrstals, which for a time 
float; on the surface of the solution. 

This difference between the two acids—hypochlorous and 
hypobromous—is explained by the _ fact that while* the former 
is only slightly ionised when in solution, the latter is still less so. 

Comparison of (he Bleaching Action of Chlorine and HypoMormis 

Acid. 

In former papers the author has frequently expressed the 
opinion that the general impression that h^oohlorous acid is a 
more active bleaching agent than chlorine is a mistaken one^ 
Further experiments have confirmed this. Many»comparative, 
experiments with solutions of chlorine’and hypochlorous acid (of 
the same oxidising strength), and colouring matters of various 
hinds, have shown practically no cases where \he chlorifte did not 
attack the colouring matter more energetically than the hjrpo- 
ohlorous acid. Naturally, the bleaching activity of the latter is 
greatly stimulated by the addition of hydrochloric acid, since tl«s 
jpunediately decomposes hypochlorous acid with liberation of 
chlorine. (This action is later discussed more fully, and it is shown* 
also that hydrochloric acid also stimulates the bleaching action of 
chlorine water.)* It is remarkable, however, that with moderatt ly 
strong solutions of hypochlorous acid (say N/10 to N/20), the 
’ bleaching action is stimulated by the addition of other dilute acids, 
such as sulphuric and nitric, and even phosphoric and acetic acids. 
But none of them stimulate the action so much as hydrochloric 
acid, ipd in the case of very dilute solutions of hypochlorous acid 
(say N/SOO), the other acids have little or no effect. Since a 
solution of hypochlorous acid in water is only very slightly ionised, 
-^- —t, - 

• admirable Ulustrstion of this ditference in aotivitj betr^en chlorine 
waa)r and hypo^orous acid is to add a few drops of each to separ^ portions 
a dilute solution of indigo-Sarmine,t which is instantly bleached by tlie 
foraur but only very slowly by the latter. The stimulating eSefit of hydro- 
ahhnio acid is very evidint if a few drops of it are added to the bypoehlotoua 
acid befoTf it il mixed with the colouainff matter. 
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the stimij&ting effect of «alphurio and n%rio acids is ^pubtleea 
^ne to the. fact that they introduce many more hvmifnn inng fato 

H'piwes’of^aJJco dyed with indigo or tutkey red ar^ placed 
in moderately strong solutions of chlorine and hypoohlorous aoid 
of the same oxidising strength, the bleaching ® at once seen to 
proceed more rapicfiy in the fonner ; but later the hypoohbrous 
aoid becomes more active, and may ultimately catch up with the 
chlorine, i'he explanation is that as the liypochlorous acid bleaches 
by giving up oxygen, it leaves hydrochloric acid, which then decom¬ 
poses some^of the remaining liypochlorous acid, liberating chlorine. 

lt’«!*her reference will be made in the next section to the bleaching 
action of very dilute solutions of chlorine and liypochlorous aoid. 


The Million of Chlorine in Water. 

More tlisjji 50 years ago Williamson held the view that chlorine 
water contains both hydrochloric and liypochlorous acids, and 
that the presence of the former was proved by the fact that the 
solution gave a cdtdy white precipitate with silver nitrate. He 
did*not state that the action of chlorine ujion water was a reversible 
one, though he probably hatl this in mind. 

• Doubtless this view is coiTect, although in an ordinary saturated 
solution o£»chlorine in water the reaction— 

H.p-fCl2 ^ HOCl + HCl 

docs not proceed far in the direction from left to right; a very 
large proportion of the chlorine is still in the free state, so that •. 
comparatively small amounts of hydrochloric and hypoohloroUB 
acids are present in the solution. But ^if the chlorine water is , 
diluted with four or five times its volume of water,* the^llow 
colour practically disappears, and it might be supposed that the 
action had proceeded to a considerable extent from left to right. 
The fact that the colour partially returns oi^the addition of con¬ 
centrated Jiydr^hloric acid seems to confirm this. Butrin the 
colourless solution the odour of free chlorine persists^very stron^y. 

* At ordinary temperatures a saturated solution of chlorine in water is a 
liMla stronger than N/V), so that the diluted solntio^ wouid.be about H/Sty 
to jr/60. 
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The Bohition also gives only a slight piecipitate with silver nitrate, 
which, however, rapidly irftreases in amount. The reaction— 
■HjO+Clj vA HOai+HCl -r- 

has evidently not proceeded very far from leftatcTright wen when 
the colour has djsappeared. The addition of sil’^er nftrate to the 
solution causes the iritmediate removal of tfeo hydrochloric acid, 
and then the reaction proceeds to a finish, all the chlorine disappears, 
and the solution smells of hypochlorous acid. (For % description 
of further changes in this solution, see page 71.) 

Even when chlorine water is diluted with fifty or a hundred times 
its volume of water, so that it becomes .^/.TOO or if/lOOOJ the solutioi\, 
smells distinctly of chlorine, and experiments on thS MGflShing 
action of these very dilute solutions also show that they contain 
a considerable pro,portion of free chlorine. 


With very dilute solutions such as these, experiments on the 
activity of bleaching of chlorine and hypochlorous add can bd 
made much more satisfactorily than with stronger'solutions, as 
their action upon such a colouring matter as indigo, for example, 
is sufficiently slow to enable reliable comparisons to ,be made.' 
Many comparative experiments have been made (generally wing 
a dilute solution of indigo-sulphonic acid, but also with other 
colouring matters) with solutions of chlorine and hypochlorous 
acid diluted to iV/500, and the chlorine invariably bleaches more 
fapidly than the hypochlorous acid. Thus, while 2(fo.c. of the* 
solution of ^chlorine bleached a measured volume of the indigo 
solution in 15 to 20 seconds, the hypochlorous acid always took 
two or three times as long. Similar differences in the time of 
• bleaching were observed with cochineal, crystal violet, infusion of 
red rose leaves, and litmus. (The curious action of very dilute 
, chlorine water upon litmus will be described later.) 

Tl\p bleaching action of dilute chlorine water is considerably 
accelerate^ by the addition of hydrochloric acid, which reverses 
the action of the chlorine on the water, thus liberating more chlorine. 
Naturally, also, the ^;ddition of hydrochloric acid to dilute hypo- 
chloroiv acid accelerates its bleaching action in th^ samg way. In 
facl, according to the revei;gible action— 

HOa 4- HCl + Clj, 


the addition,to hypochlorous acid of just the right amount of 
hydrochlbrio acid ought to prpdude a fixture which would behave 
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like dilute chlorine i*ater. If a solution of .^/oOOJiypg- 
olnorous acid is mixed with half its volufne* of hydrochloric 

acl(^^JlJ^^esi|I^ng mixture, yi its bleaching aetion, appears to be 
absolutely identici|l with N/500 chlorine watc? mfcced»witlf half 
its volume’oi water (to bring it to the same volume as the mixed 

acids). The two solutions bleach at exactly Ihe^eSne rate. 

• • 
Other acids than hydrochloric do not stimulate the bleaching 
action of thi» very dilute hypochlorous acid, as they do with the 
stronger solutions (see p. 72). In fact, as already pointed out, 
,the solution of indigo used in comparing the times of bleaching 
was a solutioft in sulphuric acid. 

The results of the comparative bleaching ex[)eriments above 
•described leave no doubt that, considered simply as a bleaching 
•agent, chlorine is morc^active than hypochlorous #cid. 

• S. H. Higgins, however, in various papers (C'/tem. Soc. Trans., 
1912 ; this joSmal, 1912, etc.), and more recently in his book on 
, bleaching,')' insists that “ chlorine is a comparatively weak bleaching 
agent,” an() that, in*practically all cases of bleaching by hypo¬ 
chlorites, hypochlorous acid is the active agent. His conclusions 
were drawn from the fact, which he pointed out in 1912, that linen 
is hardly bleached at all by chlorine. In a paper published by the 
au^or in this journal in April, 1912, entitled'“ The Action of Bleach- 
iag Agents on the Colouring Matter of Linen (see Paper IV., p. 44), 
it was pointed out that not only has free chlorine very Ijttle effect 
on the colouring matter of linen, but that that colouring matter 
is equally unaffected by pure hypochlorous acid. The conclusion 
arrived at was that most of the colouring matter of linen is abnormal 
in its behaviour with bleaching agents, and that, in order to enable 
either chlorine or hypochlorous acid to bleach linen, it was necessary 

♦ While a normal solution of hydrochlorie aoid conlaiuH 36'5 grins! per 
litre, a normal solution of hypochlorous acid (measuied by its oxidisihg power) 
HOCl 

would only contain — ^^ 26*26 grm8. per litre, bo a given volume of 

^/600 hydroclilortc ^cid would oonfiain twice as many moleculea an tliftsame 
volume of hypochlorous aoid. CouBeqi^ntly, if the dilute acUfs 

were mixed in equal volumes, the reauhing mixture would qpt behl^o like 
chlorine water, but dike chlorine water to which some hydroohloric acid 
has been added. 

f “ Bleaching,” by R. H. Higginn, fft?! AfHnf-hPHter University Press 
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;o a^d a certain amount of alkali oas well; that, m fact, while 
'either of those substances alone will bleach linen, a hypochlorite 
aill,' As a Wuli(pi of bleaching p(^der contajn^i^hy^l^lapte, 
it will, naturally,‘T)lcach linen. 

In a further paper (this journal, March, I9ft) on “ The Action 
of Bleaching Ag&nts on various Natural Oolouring Matters ” (see 
Paper V.) it was pointed out that the anomalous behaviour of the 
colouring matter of linen was shared by a part of^the colouring 
matter of cotton and by the colouring matter of jute. Nearly 
all the experiments on bleaching which Higgins has described hav§ 
been done with unbleached linen, and it is plain thss. little reliance 
can be placed upon conclusions as to the bleaching activity of 
chlorine and hypochlorous acid which have been drawn from 
experiments made with a colouring matter which is unaffected by 
either of them.'* 

But Higgins continues to state that linen is bleacfled by hy|io- 
chlorous acid, and, as a proof of this, he mentions two experiments. 
In the first he simply added boric acid to a solution of bleaching 
powder and found that the mixture bicachi/d linen. oNow such% 
mixture would certainly contain both hypochlorous acid aftd free 
chlorine, but it would also contain a considerable amount of unaltered 
calcium hypochlorite, and it is this which bleaches the linen. If 
the hypochlorous acid were distilled off from the mixture, the pure 
substance so obtained would not bleach linen. 

In hi»i second experiment, Higgins added hydrochloric acid 
to a solution of bleaching powder until it turned yellow owing to 
the liberation of chlorine ; he then divided the solution into two 
parts, and to one added precipitated calcium carbonate (to produce 
hypochlorous acid). He placed some boiled linen in both solutions, 
and found that the one to which the calcium carbonate had been 
adebd had the far greater actioir (Higgins, this journal, July, 1914). 
Here again the experiment is rendered worthless as evidence of 
the superior bleaching power of hypochlorous acid by the fact that 
pure hypochloroikf acid was not used. I have repeated this 
experiment, but instead of putting the boiled lineii intd'the mixture, 
t*he hjjpochlorous acid was distilled off before use, wife the result 
that the bleaching action was very slight indee^. I found further 
that if hypochlor6us acid, prepared either as just described or by 
distilling dilute bleaching powder with boric acid, is mixed with a 
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littte precipitated calcium carbenate; this has tRe same effect %9 the 
adAtion of a little alkali (see p. 46), and Enables it to bleach linen* 
It ha^Jiain eiiable either 

ohlorme *or h 3 rpo(^orous acid to bleach liffen •some hypo¬ 
chlorite mnstabe present as well, and it is evident that by the 
addition of calcium carbonate to either ^ ch]o*ine water or 
^ hypochlorous acid the requisite amount of liypochlorito is produced.* 
Thus the bleacjfiing of the linen in Higgins’ experiments is fully and 
satisfactorily accounted for, and their evidence as to the superior 
bleaching activity of hypochlorous acid is of no value. 

In order toiaccount for some of his results, Higgins lins assumed 
ttfe exiDtejicc^of a form of chlorine more active than the ordinary 
element, and which he calls “ nascent ” chlorine. But there is no 
cTecessity for such an assumption if wc recognise the fact that 
%e colouring matter ortinen (together with part of that of cotton), 
is^bnorraal^in its behaviour to bleaching agents. 

• 

The Action of Very Dilute Chlorine Water on Solution q| 
» • Li t III 11‘I. 

• . • 

When 40 to oO c.c. of very dilute chlorine water (o to 10 c.c. oi 
freshly prepared olilorinc water to a litre of water, when the solutioi 
would be from N /2000 to N /lOOO) are added to a few c.c. of litmui 
solution, also freshly made, the liquid at once becomes bright rod 
bpt in a feuP seconds the colour changes to purph?, and then, il 
sufficient chlorine water is present, slowly disappears. 

The condition of equilibrium in the chlorine water is lypresentec 
by the equation— 

HjO l-Clj HOCI |-H(J1, 

and the bright red colour which is produced at first is caused by th( 
hydrochloric acid present in the solution,* os hypochlorous acic 
has very little, if any, reddening effect upon litmus. Plainly, t^hei 
the colour has changed to purple, the hydrochloric acid'has dis 
appeared from the solution. A probable expknation of this dis 

* Since tUI abofe was written I have found that if hypooblonMs acic 
fabout itr/icy is shaken up for some time with j^cipitated calc^m c^bona)^ 
some of the ^tter is dissolved. IC t)id solution is filtered, ^he clear Hquif 
gives a considerable precipitate with ammonium oxalat^ showing the preseno 
of in it. Hypochlorous acid has generally been consic^red too weal 

an acid to decompose calcium carbonate. " 
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appearauce of the hydrochloric acid* appears to be tSat the free 
chorine in the solntion is immediately used up in bleaching some 
of th^ litmus,^and, it disappears, t)^ reaction 

is reoersed, and tile hydrochlorio acid also dis^pears, p^uoing 
with the hypocWorpus acid more free chlorine,owhiqh is used up 
in bleaching the^ colouring matter. 

if this explanation is correct, then plainly the time-honoured 
explanation of the bleaching action of chlorine (the (Jecomposition 
of water by the chlorine and the consequent formation of hydro¬ 
chlorio acid) cannot be correct—in the case of the bleaching of 
litmus at any rate. Apparently the chlorine itself tacts directly 
upon the colouring matter. 

This experiment also yields an additional proof of the superioi 
bleaching activity of chlorine over hypochlorous acid. If the latter, 
and not the chlorine, first attacked the colouring matter, and the 
amount of hypochlorous acid in the solution diminished., this would 
disturb the equilibrium of the solution in the opposite direction, 
and so more hydrochloric acid would be produced. Also, hypo¬ 
chlorous acid, when it bleaches, actually yields hydrochloric acid, 
and this would add still further to the amount of that acid ig the 
solution. 

From the results of the experiments described in this paper, 
it seems plain that the active bleaching properties generally 
attributed to hypochlorous acid are for the most part imaginary, 
and are not characteristic of the pure substance itself. 
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